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anticipated by Simonet et al„ CeU (1997) 89:309-3 19 (hereinafter "Simonet"), and claims 
32-35 are rejected under 35 U.S.C. § 102(a) as being anticipated by WO 97/23614 
(hereinafter "the '614 publication"). Finally, claim 36 was withdrawn from further 
consideration because, according to the Examiner, claim 36 is drawn to a non-elected 
invention. 

RESPONSE 

Specification 

In the Office Action, a substitute specification excluding claims was requested 
pursuant to 37 C.F.R. § 1 .125(a). Accordingly, Applicants submit herewith a substitute 
specification under 37 C.F.R. § 1.125(a) reflecting the amendments presented in the 
Preliminary Amendment filed June 23, 1999. The substitute specification, as set forth 
under § 1.125(a), only contains subject matter from the original specification and is 
accompanied by (1) a statement that the substitute specification contains no new matter, and 
(2) a marked-up copy showing the amendments to be made via the substitute specification 
relative to the specification at the time the original specification was filed. The substitute 
specification corresponds to pages 1-86 and page 91 of the specification as originally-filed 
and is exclusive of claims, drawings and sequence listing of the originally-filed 
specification. 

In compliance with the request in the Office Action, amendments to the abstract of 
the disclosure are set forth herein in the enclosed substitute specification. 

Applicants note and thank the Examiner for acknowledging the claim made for 
foreign priority in the instant application under 35 U.S.C. §1 19(a)-(d) to JP 54977, filed on 
February 20, 1995, and to JP 207508, filed on July 21, 1995. A certified English translation 
of each application was filed in parent application U.S.S.N. 08/915,004. 

Claim Rejection Under 35 U.S.C. SI 12. Second Paragraph 

Claim 35 is rejected under 35 U.S.C. §112, second paragraph, as being indefinite. 
Applicants' amendment to claims 35 should satisfy the Examiner's concern in this regard. 
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Claim Rejection under 35 U.S.C. §102 



Claims 32-33 are rejected under 35 U.S.C. §102(a) as being anticipated by Simonet 
and claims 32-35 are rejected under 35 U.S.C. § 102(a) as being anticipated by the '614 
publication. 

Applicants respectfully submit that the instant application claims priority to JP 
54977/1995, filed on February 20, 1995 and JP 207508/1995, filed on July 21, 1995. These 
priority documents ante-date the publication date of Simonet (April 8, 1997) and the earliest 
priority date of the '614 publication (December 22, 1995). Consequently, neither Simonet 
nor the '614 publication are prior art to the instant application under 35 U.S.C. §102. 
Similar arguments were made in the parent application U.S.S.N. 08/915,004 to overcome 
older art cited in the parent application. Applicants respectfully request that the rejection 
be withdrawn. 



Applicants respectfully urge, in view of the foregoing amendments and remarks, 
that all claims are in condition for allowance. Accordingly, Applicants respectfully request 
reconsideration of the elected claims, as amended, and prompt and favorable action in the 
application. If the Examiner believes a telephone conference with the undersigned 
representative would be helpful in expediting prosecution of this application, he is urged to 
call the undersigned at (617) 248-7044. 



CONCLUSION 



Respectfully submitted, 
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SPECIFICATION 

NOVEL PROTEINS AND METHODS FOR PRODUCING THE PROTEINS 
Field of the invention 

This invention relates to a novel protein, osteoclastogenesis inhibitory 
factor (OCIF), and methods for producing the protein. 

Background of the invention 

Human bones are always remodelling by the Repeated process of resorption 

and reconstitution. [In the process, osteoblasts) ancT<5teoclasts are considered 

to be the cells mainly responsible for bone formation and bone resorption, 

respectively. A typical example of^disease caused by [the progression of\ 

abnormal bone metabolism is osteoporosis. \ The diseasejis known to [be provoked | A — 

\by the condition in whiclj) bone resorption by osteoclasts exceeds bone 

formation by osteoblasts, but the mechanism of osteoporosis has not yet been 

completely elucidated. Osteoporosis causes^pain (in the bone] and makes [the bone~l<t &>A*S 
- ffM* Ic, leading fa -fvu^lru-rt., pa>+icu to-riy in a Ueri^pgti^nt^ : ^ -* 

^ [fragile, leading to fracture. Since osteoporosis increases the number of] * 

f bedridden old people, it has]become a social issue with the increasing number 

of Cplrf) people. Therefore, [efficaciousT/drugs for the treatment of the disease 

are expected to be developed. Bone mass reduction caused by jthe3abnorraal bone 

metabolism is thought to be prevented by inhibiting bone resorption, improving 

bone formation, or improving t he£ba 1 anc edj me tabo 1 i sra. 

Bone formation is ^expected to be] promoted by stimulating growth, 

differentiation, or activation of osteoblasts. Many cytokinesfare reported! 

a different ic+hfl r* 
Qto]stiraulate growth or^differentationjof osteoblasts , i.e. fibroblast growth 



I 



factor (FGF) (Rodan S. B. et al. , Endocrinology vol. 121, pl9!7, 1987), 
insulin-like growth factor-I (IGF-I) (Hock J. M. et aL , Endocrinology vol. 
122, p254, 1988), insulin-like growth factor-II (IGF-II) (McCarthy T. et al, , 
Endocrinology vol.124, p301, 1989), Activin A (Centrella M. et al. ,jllol f Cell^ 
Biol. vol. 11, p250, 1991), Vasculotropin (Varonique KLet al. , Biochem. 
Biophys. Res. Comraun. vol. 199, p380, 1994), and bone raorphogenetic protein 
(BMP) (Yamaguchi, A^et al. , J. Cell Biol, vol. 113, p682, 1991, SampathT.K. 
et al. , J. BioLChem. vol.267, p20532, 1992, and Knutsen R. et al. , Biochem. 
Biophys. Res. Comraun. vol. 194, pl352, fl993> '—-4* . . 



On the other hand, cytokines which f inhibits! differentiation and/or 

A fat (LlS* 

maturation of osteodasts[ have been paid attention and have} been intensively 
studied. Transforming growth factor-/} (Chenu C. et al. , Proc. Natl. Acad. 
Sci. USA, vol.85, p5683, 1988) and interleukin-4 (Kasano K. et al. , 
Bone-Miner., vol. 21, pl79, 1993) fare found to\ inhibit the differentiation of 
osteoclasts. Calcitonin (Bone-Miner., vol. 17, p347, 1992), [Macrophage] 
colony-stimulating factor (Hattersley G. et al. J. Cell. Physiol, vol. 137, 
pl99, 1988), interleukin-4 (Watanabe, K. et al. , Biochem. Biophys. Res. 
Commun. vol. 172, pl035, 1990), and interferon- y (Gowen M. et al. , J. Bone 
Miner. Res., vol.1, p469, 1986) [are found toj inhibit bone resorption by 
osteoclasts. rr i ' y 

These cytokines are expected to be[eff icaciousj drugs for improving bone 
mass reduction by stimulating bone formation and/or by inhibiting bone 
resorption, (The cytokinesj such as Tinsulin likej growth factor-I and bone 
morphogenetic proteins (are now] investigated in clinical trials for their 
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(effects in treatment ofj patients with bone diseases. Calcitonin is already 

usedtas a drug to care] osteoporosis and to diminish pain in osteoporosis;* £?™H 

Examples of drugs now clinically utilized for the treatment of bone 

diseases and for shortening the treatment period are dihydroxyvitamine D 3 , 

vitamin K 2 , calcitonin and its derivatives, hormones such as estradiol, 

ipriflavon, and calciumjpreparations However, these drugs do not provide 

a arc 

satisfactory therapeutic effects, and novel drug substancesQiave beenl expected 
to be developed. jAs mentioned^ bone metabolism is [controlled] in the balance 
between bone resorption and bone (formation. Therefore^] cytokines which inhibit 
osteoclast differentiation and/or maturation are expected to be developed as 
drugs for the treatment of bone diseases such as osteoporosis. 

jDisclosure^ of Invention 

This invention was initiated from the view point described above. The^A 

purpose of this invention is to offer both a novel factor, termed 
osteoclastogenesis inhibitory factor (OCIF), and a procedure to produce the 
factor efficiently. 

The inventors have intensively searched for osteoclastogenesis inhibitory 
factors in human embryonic fibloblast IMR-90 (ATCC CCL186) conditioned medium 
and have found a novel osteoclastogenesis inhibitory factor (OCIF) which 
inhibits differentiation and/or maturation of osteoclasts. 

The inventors have established a method for accumulating the protein to 
a high concentration by culturing IMR-90 eel lsfrsing] alumina ceramic pieces i j i iwsbi^ 
as^the^cell adherence matrices. 



tens. 



The inventors have also established an efficient method for isolating the 

protein, OCIF, from the IMR-90 conditioned medium using the following 

sequential column [chromatography^] ion-exchange, heparin affinity, 

cibacron-blue affinity, and reverse phase. 

{^he inventors, based on\the amino acid sequence of the purified natural 
A QCTF, Cl encoding fW>6 prc+tio tlbi SUgCl^gfo/fy cfor vcA^ 

\_0CIF, successfully cloned a cDNA encoding this protein. The inventors] 

a A pr^cdj^r^ ^P^u-c/Vi<j -f Wq p*t>t<Mo ^g_s also £<rt&_bi; ^hcd - 
[^established also a procedure to produce this protein which inhibits] 
^ - / -a IBS. 

^differentiation of osteoclastsj [This] invention concerns a protein which is 
produced by human lung fibroblast cells, [has? molecular (weights ifl SDS-PAGE of 
(60 KD^jin the} reducing conditions andQ20 KDj under jthe^non-reducing conditions/ 
has affinity for both cation-exchange resins andlheparin, reduces its activity! 

o inhibit differentiation and maturation of osteoclasts (if] treated for 10 
minutes at 70 °C or for 30 minutes at 56 °C t and (lose its activity to inhibit 
differentiation and maturation of osteoclasts (by the treatment! for 10 minutes 
at 90 °C. The amino acid sequence of the (protein OCIF which is described in\ 
the present invention is clearly different from anyjof know factors inhibiting] ' — ~ — 
formation of osteoclasts. - . . 

The invention includes a method {to purif£|0CIF protein, [comprising f] (1) 
culturing human fibroblasts, (2) applying the conditioned medium to a heparin 
column to obtain the adsorbed fraction, (3) purifying the OCIF protein using 
a cation-exchange column, (4) purifying the OCIF protein using a heparin 
affinity column, (5) purifying the OCIF protein using a cibacron blue 
affinity column, isolating the OCIF protein using reverse-phase column 

chromatography. Cibacron blue F3GA coupled to a carrier made of synthetic 



o 

|jiydrophilic polymers is an example of materials used to prepare Cibacron bluej 

{columns.] These columns are conventionally called "blue £olomn§*\ 

.product- - n 
The invention includes a method for {accumulating the|, OCIF protein ^to a]* 

high concentration ,by culturing human fibroblasts using alumina ceramic pieces 

as the cell-adherence matrices. 

Moreover, the inventors determined the amino acid sequences of (the] 

peptides derived from OCIF, designed the* primers based on these amino acid 

sequences, and obtained cDNA fragments encoding OCIF from a cDNA library of 

IMR-90 cells ^ H* K ^ cWA ™ C0 ^^ P"»*' n cl ° neJ ^ 

cPNAf'bmry usin g o>n ocI-F T>M A^fnst^irng.nt *s a- pK>b*- The ocrF abfsiA ■■^JgdfL'.? 
+V\c ceding ccu'\c" '«$ inscr+^<l \r\^ro an ^^.f:fA.^^.(J^t9.!r^. Sec.ftfl3.fci n ACTF ca^ e 

Detailed description of the invention ^^V 0 ^ kft - c ^ v ^- V-SdC Sh<fd/ 4 c^WW 

The OCIF protein of the present invention can be isolated from human 

fibroblast conditioned medium with high yield. The procedure to isolate OCIF 

is based on ordinary techniques for purifying proteins from- bioraaterials, in 

accordance with the physical and chemical properties of OCIF protein. For 

example, concentrating^procedure includes] ordinary biochemical techniques such 

as ultrafiltration, ^yophylizatiorj and dialysis. Purifying procedure includesj 

combinations of several chromatographic techniques for purifying proteins such 

as ion-exchange column chromatography, affinity column chromatography, gel ! 

filtration column chromatography, hydrophobic column chromatography, reverse 

phase column chromatography, and preparative gel electrophoresis. The human a 
A- ftUbMos^s as<J -fer pn^ucVio^of ocTPp^*A w prcjo rajAy TMfi^ft ceil*. n 
[fibroblast used for production of the OCIF protein is preferably IMR-90. 

method for producing [thej IMR-90 conditioned medium is preferably a process 

comprising, adhering human embryonic fibroblast IMR-90 cells to alumina 
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7£*f ~h> be 



inserted bct»< 'De^'M of Mt 'Who*: 



p- < i SWS \Uc elu+ion p^Hc^ of crude OClf frihin 

fy*<t =e S*»V ^i-i'on partem ^ crude OCJIP />">kir> Cbf*''- 

tffW Jfr*.di«fi; Sam? ^ 1 

fijuft J stiMS -Mm eUHon pa+rcrr\ of OCSf pnfa'n ( ' bUt -fPH 

fr^h'o* H H So y fn~> a rt,*n<-ph"< Oo/ur«n. 

(ant I H: pjolfculuroue.'jkr rnarker p»l*">*: 
liunt 3, ^' GCV ^ pn'fe"* of P*~«-'< & "> f-<3 ur e 3 , 
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On a rt verse fh a ^ T o° loL mn ■ 
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dnc{ reConbi'ncLn-rCr-) oC£P fntnr* Under /ion- refaanj W'/W r OCJ-F ( E . 
AnA rOCXfCc) pnttms tots*, firtolucej W/£6A/A ctte W A, C*£> 
CtflS, / CSpCc-ft/e Jy peicrip-t/tn c>f /andS , 

Jan-c I: /nJtt»/*r njcf^h f nnccrkc^r prvi«<" V 
/an< c2 : a. monomer type hOcIP firvUiaj 

/ant *J\ a rnonvmt-r type. r 0 c £P Ce) pT re,n J 
I cine * tb'sncr A//^ r-ocj:F-C^ prvlei* J 
kne 0: d crionowhjpc rOC£f CcJ p/vfe/" y 
/anc 7. a rf/ht* type rfiCffCc) p»*i* . 



hjjust 7 'sfo*os he JdS- PA^e of /so/a U J nafusij fr) ^j-p 
^n-f€ihs and r c c or)\ b//ian-f (rj OC.IF pfrfcms under red«.c t 'si<j Oonciii/ons,. 

CttO CIIIS, rCspecH^fy. Oescr.phon 0 f fr c / dr)€s: J 
IUn< /Wo/ec-u/cLr ujci^hi M&rKcir i-ei*s; 
lane 9; d monomer fy^ n 6Cj:p p„} et - nJ 

lane /// a snono^^ r ^9^ )prvfein . 
I*: * mononcr fyp<- rOC^ Cc) p „fr n . 

anJ retomb/nc^UO oCTF f* ferns f n „ u , hull ^/ inKeJ 
Chains Deft rcmovcA tender r^-duanq , / / • ^ rc / _ s J 

re<ns,±- / > • J celts and 6h O/UceiK 

-m respcci we ^. Oescr ip i,on cf + hc i an(S: j cm ecus, 

I dot /r : movi ecu Ucr mc/jhi marker pwfans ■ 

/ant A: «. monomer Jypc aOcXF p^^' lny 
I ant il: a *t inner type. nDC£F pvteSn; 
/anc l*; a monomer fyp* rOcjp^ f ^ iCto . 

lane : a Mono ^ ^ . 
lane 2\. a. Aimer ^ roczp C c) p,*in. 

F/^urc ^houus a torn par i s*r> of 0CTP and OCjfJl r?/r>'"0 
Acid s*fi*CJitcs. 

dc'id SttiatnctS- 

^i 3 



f«^u.rc /4 chows a eosr\/>tLr,sos) CCJ.F a/kJ acjff amino 
ftgucr-c /3 Shows 4 S-fanct&rd CUrvt ctc4ts*nnin<j OCX F pn&ifl 

Ctnccn-hraHc/i hy a* FX A employing anF.- OclF poltjchnal 
arti bodies 

QOnc^M^on hoj an A emptying a^-OCJF monoclonal 

Cln-fiboclte s 

If j. S rviF przi^n £i Mode-/ 

fy^rt /r sh«** ~hhc cH*c+ cl rout- r 

ate co',H osteoporosis • 



ceramic pieces in roller-bottle^T usingj DMEM medium supplemented with 5 % new 

born calf serum [for the cell culture/ and cultivating the cells in 

roller-bottles for 7 to 10 days by stand cultivation. CHAPS (3-[(3-cholamid 

A preferably 

opropyl)-dimethylammonio]-l-propanesulfonate) is(prefarablyj added to the buffer 
as a detergent in the (purification steps of OCIF protein], grtrtein purV6<* Uo» fncc^s 

a 7b? OCIF protein of the instant invention can be [initially obtained] as a 
a bzn/o he-fizfin binding 
fheparin binding basicf OCIF fraction by applying the culture medium to a 

heparin column (Heparin-Sepharose CL-6B, Pharmacia), fluting with 10 mM Tris-HCl 
buffer, pH 7.5, containing 2 M NaCl, and (then by\ applying the OCIF fraction 
to a Q • anion-exchange column (HiLoad-Q/FF, Pharmacia), and collecting" non- 
adsorbed fraction. OCIF protein can be purified by subjecting the obtained 

OCIF fraction to purification on a S • cation-exchange column (HiLoad-S/FF, 

a. 

Pharmacia^.J, a heparin column (Heparin-5PW, T0S0H),* Cibacrone Blue column 
(Blue-5PW, TOS0H), and a reverse-phase column (BU-300 C4, Perkin [Elmer) and] * ^^ r ^ 
^the material is defined by the previously described properties^ 

The present invention relates to a method of cloning cDNA encoding the 
OCIF protein based on the amino acid sequence of natural OCIF and a |method of] 
obtaining recombinant OCIF (protein that inhibits differentiation and/or] A P^liU 
^maturation of osteoclasts?} The OCIF protein is purified according to the 
method described in the present invention and is treated with endopeptidase 
(for example, lysylendopeptidase). The amino acid sequences of the peptides 
produced by the digestion are determined and. the mixture of oligonucleotides 
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A ' 

that can encode each internal amino acid seouenceges systhasized} The OCIF 
cDNA fragment is obtained by PGR (preferably RT-KR, reverse transcriptase PCR) 
using the oligonucleotide mixtures described above as primers. The full length 
OCIF cDNA encoding the OOF protein is cloned fro. a cDNA library using[the3 
Cobt'aSedJodF DNA fragment as a probe. The OCIF cDNA -tging^entlre 
coding region is inserted into an expression vector. [The recSSfTCIF can 
be produced b, expressing the OCIF cDNA,cont.ining the entire coding region, 
in mammalian cells or bacteria. 

The present invention relates to the novel proteins OCIPS. 0CIF3, 0CIF4, 
and 0CIF5 that are variants of OCIF and have the activity described above. 
These OOP variants are obtained from the cDNA library constructed j**™^ 
poly (A) ♦ RNA(by hybridization] using the OCIF cDNA fragment as a'probe. Each 
„, the OCIF variant cDNAs containing the entire coding regies inserted into 
an expression vector. Each recombinant OCIF variant' can be produced by 
expressing each of the OCIF variant cDNAs.containing the entire^ding reg^ 
in fih.3 conventional hosts. Each recombinant OCIF variant'can be purified 
according to the method described in this invention. Bach recombinant OCIF 
variant A has£n]ability to inhibit osteoclastogenesis. 

The present invention further includes OCIF mutants. They are 

substitution .utants ^isiJ^^^^^f "sidue, possibly 

a -kbrrtieutttni ">'+n u- serine — ^ . 

involved in dimer^U^i^^^ —«* 
of OCIF. Substitutions or deletions are introduced into the OCIF cDNA using 
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polymerase chain reaction (PCR) or(^yJrestriction enzyme digestion. Each of 
these mutated OCIF cDNAs is inserted into a vectorfcontainingl an appropriate 
promoter for gene expression. The resultant expression vector for each of the 
OCIF mutants is transfected into eukaryotic cells such as mammalian 
cells. Each of OCIF mutants can be obtained and purified from the conditioned 
media of the transfected cells. 

The present invention provides polyclonal antibodies and a method to 
quantitatively determine OCIF concentration using these polyclonal antibodies. 

[As antigens (immunogens), natural/ OCIF obtained from IMR-90 conditioned 
medium, recombinant OCIF produced by such hosts as microorganisms and 
eukaryotes using OCIF cDNA, synthetic peptides Resigned] based on the amino 
acid sequence of OCIF, or peptides obtained from OCIF by partial digestion can 
be(use<Q Anti-OCIF polyclonal antibodies are obtained by immunizing appropriate 
mammals with the antigens, in combination with adjuvants If or immunization] if 
necessary, [purifying from the serum by the] ordinary purification methods. (jheJ 



Japti-OCIF) polyclonal antibodies which are labelled with {rasioisotopesjor enzymes 
can be used in radio-imraunoassay (RIA) [system or immunoassay (EIA) systemTJ 



\By usingj these assay systems, the {concentrations) of OCIF in biological 
materials such as |blood and] ascites and ^ells-culture^ medium can be easily 
determined. 



(j^he antibodies in the present invention can be used in radio immunoassay^ 
(jRIA) or enzyme immunoassay (EIA). By using these assay .systems, the^J 
^concentration of OCIF in biological materials such as blood and ascites canj 



^be easily determined/] 



The present invention provides novel monoclonal antibodies and a method 
QtoJ quantitatively determine] OCIF concentration using these monoclonal 
antibodies. 

Anti-OCIF monoclonal antibodies can be produced by [the] conventional 

£metho<fjusing OCIF as an antigen. Native OCIF obtained from the culture medium 

of IMR-90 cells and recombinant OCIF produced by such hosts as microorganisms 

and eukaryotes fusing! OCIF cDNA can be used as antigens. Alternatively, 

^synthesized peptides designed[ based on the amino acid sequence of OCIF and 

peptides obtained from OCIF by partial digestion can be also used as antigens. 

Immunized lymphocytes obtained by [immunization of mammary with the antigen or 

by an in vitro immunization method were fused with [myeloma of mammals] to 

obtain {hybridomaj The hybridoma clones secret ing£antibody7 which ^recognizes) A 

VOCIF were selected from the hybridomas obtained by the cell fusion, TheJ 

^desired antibodies can be obtained by cell culture of the selected hybridoma^} 

^clones. In preparation of hybridoma, small animals such as mice or rats are! 
^ A for vtYMOun x24L*\oo£>> OCTf lt> S^'ihibH Glutei u*-H*> -1 



\ generally used for immunization. To immunize, OCIF is suitably diluted witfT] 



A , 

a saline solution (0.15 M NaCl), and is intravenously or intraperitoneally 



administered with an adjuvant to animals/for?2 -5 times every 2 r20 days. The 
immunized animal was killed three days after* final immunization, the spleen 
wasftaken out| and the splenocytes were used as immunized B lymphocytes. 

Mouse myeloma cell lines for cell fusion with [thejimmunized B lymphocytes 
include, for example, p3/x63-Ag8, p34Jl t NS-1, MPC-11, SP-2/0, F0, p3x63 
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A*£(e53> si* + cells. The mt ceil lint R-Ji° m<ty aho t?c cued. Alternately 

J^Ag8. 653, and S194. Rat R-210 cell line may also be used. Human B lymphocytes^ 
fare! immunized by an in vitro immunization method fancfl are fused with human 
myelomafcell linej or EB virus transformed human B lymphocytes (which are used"} 
(as a parent cell line for cell fusion, to produce human type antibody^ 

, A ceil* 

Cell fusion of [thej immunized B lymphocytes and myelomajcell line) is 

carried out principally by(the]conventional methods. For example, the method 

of Koehler G. et al. (Nature 2§6, 495-497, 1975) is generally (used, and also] 

an electric pulse method can be (applied to cell fusion^ The immunized B 

lymphocytes and transformed B cells are mixed at Conventional ratios and a 

cell culture medium without FBS containing polyethylene glycol is generally 

a isstj ~fr>-&*</ -Mnt ceil*. The ft>si*rts pn>du^+s gre 
[used for cell fusion. The B lymphocytes fused with myeloma cell lines are] 

cultured in HAT selection medium containing FBS to select fhybridoma.1 * hybridomd*- 

[For screening of hyoridoraa producing anti-OCIF antibody, EIA, plaque! 

a UScdiv screes) -fir MfcrijR^S p^ ±l 

assay, Ouchterlony, or agglutination assay can be (principally used7 (Among""] ffi? .V ^ " 7 
A erA to ^Simple O^Sc^j \s <L*h^ -hpe^rm l ^ u — L_H1_ 

(them, EIA is simple and easy to operate] with sufficient accuracy and is 

^generally used. By EIA using purified OCIF, the desired antibody can bel — 

A igi ^jgJV? And pun f.cX^ Jf* 
selected easily and accurately Thus obtained hybridomaf can be cultured by (the] P w'^*" 
A/qojhods J ..... ... cMuuj^dJ 

conventional [metho<fJ of cell culture and frozen for stock if necessary. The 

antibody can be produced by culturing hybridoma fusing the/ ordinary cell 

A mc4h*<}s Cells , ] nH Jive 

cultureftnethod^or by transplanting hybridoma 4 intraperitoneal ly (^oj animals. 

The antibody can be purified by (the] ordinary purification methods such as salt 

precipitation, gel filtration, and affinity chromatography. The [obtained^] 

chained S 4i>cktw 

antibody^ specifically reacts with OCIF and can be used [for determination of] A — 8 — ~ 

f a ft purify QCTfpniStFi' 

OCIF concentration and [for purification or OCIFJ The antibodies of the 
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A 

present invention recognize epitopes of OCIF and have high affinity £to~[ 
OCIF. Therefore, they can be used for the construction of EIA. [By (using)J 
[this assay system^ the concentration of OCIF in biological materials such as 
[blood and ascites can be easily determinedTj* blood ^sci^ s - 

,^£ £r^n-f inven t" Pr^fe^ ^ohlam.hVaJPAs ao 

[The agents used for treating bone diseases that contain OCIF as an/ 
a i/ijrcJitn't > jht& Useful -for +re4L±m<^ h ont Jjseaits . 
effective [ingredient are provided by the present invention^! Rats were 

subjected to denervation of * left forelimb. Test compounds were administered 

daily after surgery for 14 days. After 2 weeks* treatment, the animals were 

sacrificed and their fore limbs were dissected. Thereafter bones were tested 

for mechanical strength by' three point bending method. OCIF improved 



mechanical strength of bone in a dose dependent manner. 

The OCIF protein of the invention is useful as a pharmaceutical 
> /^r<sJien+ bgni eft's e^seS 

[ingredients] for treating or improving decreased bone mass in* such as 

osteoporosis, [bone diseases such as| rheumatism, osteoarthritis, and abnormal 

bone metabolism in multiple myeloma, (jhel OCIF protein is also useful as an 

antigenfto establish] immunological diagnosis of fthel diseases. Pharmaceutical 

preparations containing [the] OCIF protein as an active (ingredients] are 

formulated and can be orally or parenterally administered. The preparation 

contains the OCIF protein of the present invention as an [efficacious^] 

ingredient and is safely administered to^humaiijand animals. Examples of^the^ 

pharmaceutical preparations include compositions for injection or intravenous 

drip, suppositories, nasal preparations, sublingual preparations, and tapes 

for percutaneous absorption. The pharmaceutical preparation for injection can 
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A 0^ r ffecl\tfC 

be prepared by mixing^the\pharmacologically (efficacious] amount of OCIF protein 

2^ a Ou-rtcr- 

and A pharmaceutically acceptable (carriers^ The carriers are vehicles and/or 



activators, e.g. amino acids, saccharides, cellulose derivatives, and other 
organic and inorganic compounds, which are generally added to active 
ingredients. When the OCIF protein is mixed with the vehicles and/or 
activators to prepare injections, pH adjuster, buffer, stabilizerT] 
solubilizing agent, etc. can be added*, if necessary. 



Figure 1 shows the elution pattern of crude OCIF protein (Hiload-Q/FF pass- 
through fraction ; sample 3) from a Hiload-S/HP column. 

Figure 2 shows the elution pattern of crude OCIF protein (heparin-5PW fraction 
; sample 5) from a blue-5PW column. 

Figure 3 shows the elution pattern of OCIF protein (blue-5PW fraction 49 to 
50) from a reverse-phase column. 

Figure 4 shows the SDS-PAGE of isolated OCIF proteins under reducing conditions 
or non-reducing conditions. 

Description of the lanes, 

lane 1,4 ; molecular weight marker proteins 

lane 2,5 ; OCIF protein of peak 6 in figure 3 

lane 3,6 ; OCIF protein of peak 7 in figure 3 
Figure 5 shows the elution pattern of peptides obtained by the digestion of 
pyridyl ethylated OCIF protein digested with lysylendopeptidase, on a 




reverse-phase column. 
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C Figure 6 shows the SDS-PAGE of isolated natural (n) OCIF protein and 
recombinant (r) OCIF proteins under non-reducing conditions. rOCIF(E) and 
rOCIF(C) were produced in 293/EBNA cells and in CHO cells, respectively. 
Description of the lanes, 
lane 1 ; molecular weight marker proteins 
lane 2 ; a monomer type nOCIF protein 
lane 3 ; a dimer type nOCIF protein 
lane 4 ; a monomer type rOCIF(E) protein 
lane 5 ; a dimer type rOCIF(E) protein / 
lane 6 ; a monomer type rOCIF(C) protein 
lane 7 ; a dimer type rOCIF(C) protein 
Figure 7 shows the SDS-PAGE of isolated natural (n) OCIF proteins and 
recombinant (r) OCIF proteins under reducing conditions. rOCIF(E) and rOCIF(C) 
were produced in 293/EBNA cells and in CHO cells, respectively. 
Description of the lanes, 
lane 8 ; molecular weight marker proteins 
lane 9 ; a monomer type nOCIF protein 



lane 10 
lane 11 
lane 12 
lane 13 
lane 14 



a dimer type nOCIF protein 
a monomer type rOCIF(E) protein 
a dimer type rOCIF(E) protein 
a monomer type rOCIF(C) protein 
a dimer type rOCIF(C) protein 
Figure 8 shows the SDS-PAGE of isolated natural (n) OCIF proteins and 
recombinant (r) OCIF proteins from which N-linked sugar chains were removedj 
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under reducing conditions. rOCIF(E) and rOCIF(C) are rOCIF protein produced 
in 293/EBNA cells and. in CHO cells, respectively. 
Description of the lanes, 
lane 15 ; molecular weight marker proteins 
lane 16 ; a monomer type nOCIF protein 
lane 17 ; a dimer type nOCIF protein 
lane 18 ; a monomer type rOCIF(E) protein 
lane 19 ; a dimer type rOCIF(E) protein 
lane 20 ; a monomer type rOCIF(C) protein / 
lane 21 ; a dimer type rOCIF(C) protein 
Figure 9 shows comparison of amino acid sequences between OCIF and 0CIF2. 
Figure 10 shows comparison of amino acid sequences between OCIF and 0CIF3. 
Figure 11 shows comparison of amino acid sequences between OCIF and 0CIF4. 
Figure 12 shows comparison of amino acid sequences between OCIF and 0CIF5. 
Figure 13 shows standard curve for determination of OCIF protein concentration 
by an EIA employing anti-OCIF polyclonal antibodies. 

Figure 14 shows standard curve for determination of OCIF protein concentration 
by an EIA employing anti-OCIF monoclonal antibodies. 
Figure 15 shows the effect of rOCIF protein on osteoporosis. 



Best Mode for Carrying Out the Invention 



The present «J£>ntion will be further explained by the following 

-fKerefo 



examples, ^howeverj thTlcope of the invention is not restricted £o th£] 
^examples.^J 
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EXAMPLE 1 

Preparation of a conditioned medium of human fibroblast IMR-90 

Human fetal lung fibroblast IMR-90 (ATCC-CCL186) cells were cultured on 
alumina ceramic pieces (80 g) (alumina: 99.5%, manufactured by Toshiba Ceramic 
K. K. ) in DMEM medium (manufactured by Gibco BRL Co.) supplemented with 5% CS 
and lOmM HEPES buffer (500 ml/roller bottle) at 37^ [under] the presence of 5% 
C0 2 for 7 to 10 days using 60 roller bottles (490 cm 2 , 110 x 171mm, 
manufactured by jConing)Co. ) in static culture. The conditioned medium was 
harvestec£Jand a fresh medium was added to the roller bottles. About 30L of 
IMR-90 conditioned medium per batch culture was obtained. The conditioned 
medium was designated as sample 1. 

EXAMPLE 2 

Assay method for osteoclast development inhibitory activity 

Osteoclast development inhibitory activity was assayed by measuring 
tartrate-resistant acid phosphatase (TRAP) activity according to the methods 
of M. Kumegawa et. al (Protein • Nucleic Acid • Enzyme, vol. 34 p999, 1989) and 
N. Takahashifet.alT(Endocrynology, vol. 122, pl373, 1988 ) with modifications. 
Briefly, bone marrow cells obtained from 4 17 day-old mouse were suspended 



A 1 * 7 

in a -MEM (manufactured by GIBCO BRL Co.) containing 10% FBS, f2xlO~ 8 M7 of 
activated vitamin ^p 3l and eacFtest sample J and were inoculated ^ojeacfTwell 
of A 96-well plate at a cell density of 3x10 s cells/0.2 ml/well. The plates were 
incubated for 7 days at 37t: in humidified 5%C0 2 . Cultures were [further] 
[continuedjby replacing 0. 16 ml of old medium with the same volume of fresh 
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„edi» on day , and da, . after^ing cultivation^ '' *~ 

j aT^\\s were fixed with 

foe plates] «ith phosphate buffered .•'^^^^SSdL. 

ethanol/acetone (1 = ,) f- 1 - ~ *" 
development .as tasted b, dete^nin^orj^- -i.it, using a kit 
<„cid Phosphatase. Leucocyte. Catalog No.387-A, manufactured h, Sigma 

* ) $%s£$F8£&«" ~ **- - an lndicatlon of 0CIF 



activity. 



EXAMPLE 3 

Purification of OCIF 

i) Heparin Sepharose CL-6B column chromatography JjjWj^L 

< The>L of HMO conditioned medium (sample 1) .asgiltrated .1^0.22 
„ membrane filter (hydrophilic «ilidis, 2000 cm'. Milipore Co.,, and .as 
divided into three'lorto-ns. Bach portion^ l,j.as applied to a heparin 
Sepharose CL-6B column (5 , , 1 cm, Pharmacia Co, equilibrated .ith 1« 
Tris-HCl containing 0.3M NaCl, pH 7.5. After .ashing the -1- with 1ft* 
Tris-HCl, PH 7.5 at a flo. rate o, 500 ml/h, heparin Sepharose CL-6B 
adsorbent protein fraction - elutad .ith P« «. chaining 

2M NaCl. The fraction »as d.signated(as>a»ple 2. 

ii) HiLoad-Q/FF column chromatography 

.wh-nt fraction (sample 2) was dialyzed against 
The heparin Sepharose-adsorbent traction 

« Tris-HCl, PH 7.5, supplemented .ith CHAPS to a final concentration of 
„.!», incubated at 4 ^ overnigh^ and divided into t.o portions. Each 

16 



portion was then applied to an anion-exchange column (HiLoad-Q/FF, 2. 6 x 10 
cm, Pharmacia Co.) which was equilibrated with 50mM Tris-HCl, 0. 1% CHAPS, pH 
7.5 to obtain a non-adsorbent fraction (1000 ml). The fraction was designated 
{asjsample 3. 

iii) HiLoad-S/HP column chromatography 

The HiLoad-Q non-adsorbent fraction (sample 3) was applied to a 

cation-exchange column (HiLoad-S/HP f 2, 6 x 10 cm, Pharmacia Co.) which was 

equilibrated with 50 mM Tris-HCl, 0.1% CHAPS, pH-'7. 5. After washing the 

column with 50 mM Tris-HCl, 0.1% CHAPS, pH 7.5, the adsorbed protein was 

eluted with A linear gradient from 0 to 1 M NaCl at a flow rate of 8 ml/min for 

100 min. and fractions (12 ml) were collected. LEachJten fractions frora(number} A ^ amterS - 

A were pec kj^ e&tjx 
1 to 40^was pooledjto form one portion. yiachj 100 #l A of"the four portions was 

tested for OCIF activity. 0CIF activity was observed in fractions ffroml 11 to 

30 (as shown in Figure 1). £he fractions from 21 to 3d[ which had higher specific 
^ ' v ' + Y* Uj^-rc podeJ an J icjn *.\e. d Suti P \<l 4» 
^activity were collected and was designated as sample 47] 



iv) Heparin-5PW affinity column chromatography r 

One hundred and twenty ml of HiLoad-S {fraction from^21 to 30 (sample 4) 

was diluted with 240 ml of 50 mM Tris-HCl, 0.1% CHAPS, pH 7.5, and applied to^ — 

heparin-5PW affinity column (0.8 x 7.5 cm, Tosoh Co.) which was equilibrated 

with 50mM Tris-HCl, 0.1% CHAPS, pH 7.5. After washing the column with 50mM 

ft 

Tris-HCl, 0.1% CHAPS, pH 7.5, the adsorbed protein was eluted with* linear 
gradient from 0 to 2M NaCl at a flow rate of 0. 5ml/min for 60 min. and fractions 
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a Litre. 

(0. 5 ml) were collected. Fifty \i 1 {wasTjreraoved from each fraction to test for 
OCIF activity. The active fractions, eluted with 0.7 to 1. 3M NaCl (was]**" 
pooled and [was designated as^sample 5. 



v) Blue 5PW affinity column chromatography 

Ten ml of sample 5 (was] diluted with 190 ml of 50raM Tris-HCl, 0. 1% CHAPS, 
pH 7.5 and applied to a blue-5PW affinity column, (0.5x5 cm, Tosoh Co.) which 
was equilibrated with 50mM Tris-HCl, 0. 1% CHAPS, pH 7.5. After washing the column 
with 50mM Tris-HCl, 0.1% CHAPS, pH7. 5, the adsorbed protein was eluted with 
a 30 ml linear gradient from 0 to 2M NaCl at a flow rate of 0. 5 ml/min. , and 
fractions (0.5 ml) were collected. Using 25 /il of each fraction, OCIF 
activity was evaluated. [The fractions numbe^ 49 to 70, eluted with 1.0-1.6M 
NaCl ; had OCIF activity. 



vi) Reverse phase column chromatography A 

The blue 5PW fraction obtained by collecting fractions {from 49 to^50 was 
acidified with 10 /x 1 of 25% TFA and applied to a reverse phase C4 column 
(BU-300, 2. 1x220mm, manufactured by Perkin-Elmer) which was equilibrated with 
0.1% of TFA and 25%[ofJacetonitrile. The adsorbed protein was eluted with A ^ 
linear gradient from 25 to 55% acetonitrile at a flow rate of 0.2 ral/min. for 
60 min. , and each protein peak was collected (Fig. 3). One hundred 1 of each 
peak fraction was tested for OCIF activity, andjpeak 6 and the peakj 7 had OCIF 
activity. The result was shown in Table 1. 
Table 1 
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OCIF activity eluted from reverse phase C4 column 



Sample 






Dilution 






1/40 


1/120 


1/360 


1/1080 


Peak 6 


+4- 


++ 


+ 




Peak 7 


++ 


+ 







[ ++ means OCIF activity inhibiting osteoclast development more than 80%, + 
means OCIF activity inhibiting osteoclast development between 30% and 80%, 
and - means no OCIF activity. ] 



EXAMPLE 4 

Molecular weight of OCIF protein . ^ pcX P Ociivi *H C pe^^J^ ^ n j 1 ^) 

The two protein peaks {(6 and 7)](with OCIF activity] were subjected to 
SDS-polyacrylamide gel electrophoresis under reducing and non-reducing 
conditions. Briefly, 20 jx 1 of each peak fraction was concentrated under vacuum 
and dissolved in 1.5 v 1 of lOmM Tris-HCl, pH 8, ImM EDTA, 2.5% SDS ( 0.01% 
bromophenol blue, and incubated at 37T; overnight under non-reducing 
conditions or under reducing conditions (with 5% of 2-mercaptoethanol) . Each 
1.0 /il of sample was then analyzed by SDS-polyacrylamide gel electrophoresis 
with a gradient gel of 10-15% acrylamide (Pharmacia Co.) and an 
electrophoresis-device (Fast System, Pharmacia Co.). The following molecular 
weight marker proteins were used to calculate molecular weight : phosphorylase 
b (94 kD), bovine serum albumin (67 kD), ovalbumin (43 kD), carbonic anhydrase 
(30 kD), trypsin inhibitor (20.0 kD), and lactalbumin (14.4 kD). After 
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electrophoresis, protein bands were visualized by silver stain using Phast 

Silver Stain Kit. The results (werejshown in Fig. 4. 

. mote.iokLi' toeijk+ of 

A protein band with an apparent'60 KD was detected in the peak 6{protein^A * 
under both reducing and non-reducing conditions. A protein band with an 
apparent 60 KD was detected under reducing conditions and a protein band with 
an apparent 120 KD was detected under non-reducing conditions in the peak 7 
(protein^ Therefore, the protein of peak J was considered to be a homodimer 
of the protein of peak 6. 



EXAMPLE 5 

Thermostability of OCIF 

Twenty // 1 of sample from the blue-5PW fracti ons 51 and 52 was diluted 
to 30 |il with 10 mM phosphate buffered saline, pH 7.2, and incubated for 10 
min. at 70°C or 90 X^, or for 30 min. at 56*C. The heat-treated samples were 
tested for OCIF activity. The results ^were} shown in Table 2. 
Table 2 

Thermostability of OCIF 



Sample Dilution 

1/300 1/900 1/2700 



untreated ++ 

701C, 10 min + 

56^, 30 min + 
90*iC, 10 min 
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[ ++ means OCIF activity inhibiting osteoclast development more than 80%, 
+means OCIF activity inhibiting osteoclast development between 30% and 80%, 
and - means no OCIF activity. ] 



EXAMPLE 6 

Internal amino acid sequence of OCIF protein . j -j r h l^) lift _^ p^ kachchs <oere. 

Each 2 fractions (1 ml) from^No. 51-70 of blue-5PV fraction was]acidified 
with 10 ii 1 of 25% TFA, and (was]applied to a reverse phase C4 column (BU-300, 
2. Ix220mm f manufactured by Perkin-Elmer Co, ) equilibrated with 25% [pf^ 
acetonitrile containing 0.1 % TFA. The adsorbed protein was eluted with a 12 
ml linear gradient of 25 to 55% acetonitrile at a flow rate of 0.2 ml/min, and 
the protein fractions corresponding to^peak 6 and peakj 7 were collected, 
respectively. The protein fof^each peak was applied to a protein sequencer 
(PR0CISE 494, Perkin-Elmer Co. ). However, the N-terminal sequence of the 

Qproteinjof each peak could not be analyzed. Therefore, ^N-terminalj of the 
protein of each peak was considered to be blocked. lSo, internall amino acid 
sequences of these proteins were 4 analyzed. 

The protein {of^ peak 6 orfpeak 7/ purified by C4-HPLC, was concentrated 
by centrifugation and pyridilethylated under reducing conditions. Briefly, 
50 ix 1 of 0.5 M Tris-HCl,pH 8.5, containing 100 /xg of dithiothreitol, lOmM EDTA, 
7 M guanidine-HCl, and 1% CHAPS was added to each A samples, and thejjlixture was] 
incubated overnight in the dark at ^Jtoom temperature. Each ^the} mixture was 
acidified with 25% TFA (a final concentration 0. 1%) andfwasAapplied to a 

Ireversed phase C4 column (BU-300, 2. ix30mm, Perkin-Elmer Co. ) equilibrated 
with 20 % acetonitrile containing 0.1 % TFA. The pyridil-ethylated OCIF 
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protein was eluted with a 9 ml linear gradient from 20 to 50% acetonitrile at 
a flow rate of 0.3 ml/min, and each protein peak was collected. The 
pyridil-^thyratedjOCIF protein was concentrated under vacuum^yjand dissolved 
in 25 /x 1 of 0. 1 M Tris-HCl, pH 9, containing 8 M Urea, and 0. 1 % Tween 80. 
Seventy three \i 1 of 0. 1 M Tris-HCl, pH 9, and 0.02 jzg of lysyl endopeptidase 
(Wako Pure Chemical, Japan) were added to the tube, and incubated at 37 *C for 
15 hours. Each digest was acidified with 1 v 1 of 25% TFA and was applied 
to a reverse phase C8 column (RP-300, 2. 1x220mm, Perkin-Elraer Co. ) 
equilibrated with 0.1% TFA. ' r 

The peptide fragments were eluted from the column with A linear gradient ^fronfj 
0 to 50 % acetonitrile at a flow rate of 0.2 ml/min for 70 min. , and each 
peptide peak was collected. Each peptide fragment (PI - P3) was applied to 
the protein sequencer. The sequences of the peptidesjwerej shown in gequencejj 



^Numbers 1 -Jj, respectively. 



EXAMPLE 7 ^ ^ QCTF d>Al A 

Determination of nucleotide sequence of \the 0CIF cDNA] 
i) Isolation of poly (A) + RNA from IMR-90 cells 

About 10fug]of poly(A) + RNA was isolated from 1x10 s cells of IMR-90(byJ 
using A Fast Track mRNA isolation kit (Invitrogen) according to the 
manufacturer* s instructions. 



ii) Preparation of mixed primers 

The following two mixed primers were synthesized based on the amino acid 
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sequences of two peptides (peptide P2 and peptide P3, [sequence number^ 2 and 
3, respectively). All the oligonucleotides in the mixed primers No. 2F*can 
code for the amino acid sequence from the sixth residue, glutamine (Gin) to 
the twelfth residue, leucine (Leu), in peptide P2. All the oligonucleotides 
in the mixed primers No. 3R*can code for the amino acid sequence from the 
sixth residue, histidine (His), to the twelfth residue, lysine (Lys), in 
peptide P3. The sequences of the mixed primers No. 2F and No. 3R were shown 
in Table 3. 



Table 3 



No. 



A 

5' -CAAGAACAAA CTTTTCAATT-3' 
G G G C C GC 
A 
G 



No. 3R frag.JP A/o- m) 

5' -TTTATACATT GTAAAAGAAT G-3' 
C G C G GCTG 
A C 
G T 

iii) Amplification of*0CIF cDNA fragment by PCR (Polymerase chain reaction) 
First strand cDNA was generated using Superscript II cDNA synthesis kit 
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(Gibco BRL) and l^ug^of poly (A) + RNA obtained in the example 7-i), according 
to the manufacturer* s instructions. The DNA fragment encoding OCIF was 
obtained by PCR using ^thejcDNA template and the primers shown in EXAMPLE 
7-ii). 

PCR was performed \with the conditions as followsf] 4 -Gllou iVij &nJ^ -hon^ 

10X Ex Taq Buffer (Takara Shuzo) 5 Qif] ]i\ 

A — 

2.5 mM solution of dNTPs 4 (u]]„ )^ 

cDNA solution / 1 ^uQ A ' 

Ex Taq (Takara Shuzo) 0.25 (ul2„ iii 

sterile distilled water 29. 75 full M_L_ 

40(uM3solution of primers No, 2F 5 £ulj ^ j^J 

40(uM]solution of primers No. 3R 5 * 

The components of the reaction were mixed in a microcentrifuge tube. An 
initial denaturation step at 95 t for 3 min was followed by 30 cycles of 
denaturation at 95^ for 3Q{sec annealing/ at 50 °C for 30 sec and extention 
at 70 *C for 2min. After the amplification/ final extention step was performed 
at 70 *C for 5rain. The (size off PCR products were determined on a 1. 5 % agarose 
gel electrophoresis. (Aboutj 400 bp OCIF DNA fragment was obtained. 

EXAMPLE 8 

Cloning of the OCIF cDNA fragment amplified by PCR and determination of its 
DNA sequence 
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The OCIF cDNA fragment amplified by PCR in EXAMPLE 7-iii) was inserted 

\ir\ the plasmidj pBluescript II Sj^~ using* DNA ligation kit ver. 2 (Takara 

Shuzo) according to the method[by| Marchuk, D. et al. (Nucleic Acids Res., vol 

19, pll54, 1991). E. coli* DH5 a (Gibco BRL) was transformed with ligation 

mixture. The transformants were grown and a plasmid containing the OCIF cDNA 

* methods 

(about 400 bp) was purified using fthejcommonly used{methodTJ This plasmid was 
called pBSOCIF. The sequence of OCIF cDNA in pBSOCIF was determined using Taq 
Dye Deoxy Terminater Cycle Sequencing kit (Perkin Elmer). The size of the OCIF 
cDNA is 397 bp. The OCIF cDNA encodes an amino acijd sequence containing 132 1 
residues. The amino acid sequences of the internal peptides (peptide P2 and 
peptide P3, (sequence numberl 2 and 3, respectively) that were used to design 
the primers were found at[N~ or C- terninal side in the^ amino acid sequence 
(of the 132 amino acid polypeptide] predicted by the 397 bp OCIF cDNA. In 
addition, the amino acid sequence of the internal peptide PI (^sequence number] 
1) was also found in the predicted amino acid sequence of ^the polypeptide?]* 
These data show that the 397 bp OCIF cDNA is a portion of the full length OCIF 
cDNA. 



EXAMPLE 9 

Preparation of the DNA probe 

The 397 bp OCIF cDNA was prepared according to the conditions described 
in EXAMPLE 7-iii). The OCIF cDNA was subjected to a preparative agarose gel 
electrophoresis. The OCIF cDNA was purified from the gel using* QIAEX gel 

Of 

extraction kit (QIAGEN), labeled with [a 32 P]dCTP using/\Megaprime DNA labeling 
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system (Amersham) and used to select a phage containing the full length OCIF 
cDNA. 



EXAMPLE 10 

Preparation of the cDNA library 

A- 

cDNA was generated using^Great Lengths cDNA synthesis kit (Clontech), 

oligo (dT) primer, [a 32 P]dCTP and 2. 5(ugQof poly(A) + RNA obtained in the 

A* 

example 7-i), according to the manufacturer's instructions. ^EcoRI-Sall-Notl 

adaptor was ligated to the cDNA. The cDNA was separated from ft he| free adaptor A 

and unincorporated free [a 32 P]dCTP. The purified cDNA was precipitated with 

ethanol and dissolved in 10 ul of TE buffer (10 mMTris T HCl (pH8.0), 1 mM 

EDTA). The cDNA (with the adaptor was inserted in] X ZAP EXPRESS vector 

(Stratagene) at*"fccoRI site. The recombinant 3. ZAP EXPRESS phage DNA 

a- 

containing the cDNA was in vitro packaged using*Gigapack gold II packaging 
extract (Stratagene) [and] recombinant ^ZAP EXPRESS phage library(j»ras prepared). 



EXAMPLE 11 



Screening of recombinant phage 




Recombinant phages obtained in EXAMPLE 10 were [infected to E. ColiJ, 
XLl-Blue MRF' (Stratagene) at 37 *C for 15 min. . The infected E. coli cells 
were added to NZY medium containing 0.7 % agar at 5(fC and platedjon thej NZY 
agar plates. After the plates were incubated at 37 overnight, Hybond N 
QAmershamjj were placed on the surface of* plates containing plaques. The 
membranes were denatured in^thejalkali solution, neutralized, and washed in 
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2xSSC according to (the standard protocol] The phage DNA was immobilized £n] the 
membranes using UV Crosslink (Stratagene). The membranes were incubated in [the] 
hybridization buffer (Amersham) containing 100 ne/al salmon sperm DNA at 65t) 

for 4 hours and then incubated at 65 *C overnight ici the same buffer~containing 

of 

2xl0 5 cpm/ml 'denatured OCIF DNA probe. The membranes were washed twice with 

2xSSC and twice with a solution containing 0. ixSSC and 0. 1 % SDS at 65 *C for 

10 min each time. The positive clones were purified by repeating the screening 

twice The purified A ZAP EXPRESS phage clone containing (about 1.6 kb) DNA 

insert* was used in the experiments described below. This phage was called 

X OCIF. The purified A OCIF {and the infected into E. Colij XLl-Blue MRF' 

(Stratagene) according to faj protocol (pfj A. ZAP EXPRESS cloning kit 

(Stratagene). The culture broth of infected XLl-Blue MRF* was prepared. 

Purif iedClOCIF) and ExAssist helper phage (Stratagene) were co-infected into 

E. coli strain XL-1 blue MRF* according to the protocol supplied with the kit. 

The culture broth of the co-infected XL-1 blue MRF ? was added to a culture of 

E. coli strain XLOR (Stratagene) to transform them. Thus we obtained a 

Kanamycin-resistant transformant harboring a plasmid designated pBKOCIF which 

is a pBKCMV (Stratagene) vector containing the 1.6 kb insert fragment. 

The transformant including the plasmid containing about 1. 6 kb OCIF cDNA was 

A liffiM. 

obtained by fpicking up! the kanamycin-resistant colonies. The plasmid was 
called pBKOCIF. The transformant has been deposited(to[National Institute of 
Bioscience and Human-Technology (NIBH) , Agency of Industrial Science and 
Tecnology as "FERM BP-5267* as pBK/OlFlO. A national deposit (Accession number, 
FERM P-14998) was (transf eredjto the international deposit, on October 25, 1995 
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according to the Budapest treaty. The transformant pBK/OlFlO was grown and the 

s ^ A siancLrcl methods . 

plasmid pBKOCIF was purified according to (the standard protocol.] " " 

EXAMPLE 12 

Determination of the nucleotide sequence of OCIF cDNA containing the full 
coding region. 

The nucleotide sequence of OCIF cDNA obtained in EXAMPLE 11 was 
determined using* Taq Dye Deoxy Terminater Cycle Sequencing kit (Perkin Elmer). 
The primers used were T3, T7 [primers] (Stratagener) and synthetic primers ' 
designed according to the OCIF cDNA sequence. The sequences of these primers 
are shown in [sequence numbers) 16 to 29. The nucleotide sequence of the OCIF 

cDNA is shown in (sequence numbefl 6 and the amino acid sequence predicted by 

. sa>. Xfr 

the cDNA sequence is shown in ^sequence nuraberj 5. 



EXAMPLE 13 

Production of recombinant OCIF by 293/EBNA cells 

i) Construction of the plasmid for expressing OCIF cDNA 

pBK0CIF 7 containing about 1.6 kb OCIF cDNA,was prepared as described in 

EXAMPLE l^jand digested with restriction enzyrae^BamHI and Xhol. The OCIF 

cDNA insert was cut out, separated by an agarose gel electrophoresis and 

purified using* QIAEX gel extraction kit (QIAGEN). The purified OCIF cDNA 

[jnsert was ligated using DNA ligation kit ver. 2 (Takara Shuzo) to thej 

asing Wh Ration V£r. & f TilK^ra. Shu^o^ 
expression vector_pCEP4 (Invitrogen)* digested with restriction enzymes; -7 BamHI 

and Xhol. (E. col if] DH5a (Gibco BRL) was transformed with the ligation mixture. 
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The transformants were grown and the plasraid containing the OCIF cDNA (about 

a. 

1.6 kb) was purified using'QIAGEN column (QIAGEN). The expression plasmid 
pCEPOCIF was precipitated with ethano^and dissolved in sterile distilled 
water^was used in the experiments^ described below. 

ii) Transient expression of OCIF cDNA and analysis of (the] biological activity 
Recombinant OCIF was produced using the expression plasmid£] pCEPOCIF 

(prepared in EXAMPLE 13-i) according to the method described below. 8x10 s cells 
of 293/EBNA (Invitrogen) were inoculated^in] each .well of (the/ 6-well plate 
using IMDM containing 10 % fetal calf serum (Gibco BRL). After the cells were 
incubated for 24 hours, the culture medium was removed and the cells were 
washed with serum free IMDM. The expression plasmid;^ pCEPOCIF and 
lipofectamine (Gibco BRL) were diluted with OPTI-MEM (Gibco BRL), (and were] 
mixed, and added to the cells in each well according to the manufacture's 
instructions. Three n g of pCEPOCIF and 12 » 1 of lipofectamine were used for 
each transfection. After the cells were incubated with pCEPOCIF and 
lipofectamine for 38 hours, the medium was replaced with 1 ml of OPTI-MEM. 
After [the transfected cells were incubatedjfor 30 hours, the conditioned 
medium was harvested and used for the biological assay. The biological 
activity of OCIF was analysed according to the method described below Bone 
marrow cells obtained from (mice, 17 days-old, I were suspended in a -MEM 
(manufactured by GIBCO BRL Co.) containing 10* FBS.f^xlO'V] activated vitamin 

yj) 3 and eachjtest sample, and were (inoculatdjand cultured for 7 days at 37^ 
in humidified 5%C0 2 as described in EXAMPLE 2. During incubation, 160 
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M 1 of old medium in each well was replaced with the same volume of the fresh 

medium containing test sample diluted with lxlO" 8 M of activated vitamin D 3 and 

a -MEM containing FBS on day 3 and day 5. On day 7, after washing the wells 

with phosphate buffered saline, cells were fixed with ethanol/acetone (l:i) 

for 1 min. and ythen^ osteoclast development was tested using acid phosphatase 

activity mesuring kit (Acid Phosphatase, Leucocyte, Catalog No. 387-A, Sigma 

Co.). [The decrease of J the number of TRAP positive cells was taken as an OCIF 

a ~]ht 

activity. ^As result, the[ conditioned medium showed the same OCIF activity as 
natural OCIF protein from IMR-90 conditioned raedimft (Table 4). 

Table 4 

OCIF activity of 293/EBNA conditioned medium. 



Cultured Cell Dilution 



1/20 1/40 1/80 1/160 1/320 1/640 1/1280 



OCIF expression 








vector transfected 


++ 


++ ++ -H 


h ++ + 


vector 








transfected 








untreated ------ 



[ ++ ; OCIF activity inhibiting osteoclast development more than 80%, + ; OCIF 
activity inhibiting osteoclast development between 30% and 80%, and - ; no 
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OCIF activity. ] 



iii) Isolation of recombinant OCIF protein from 293/EBNA-conditioned medium 
293/EBNA-conditioned medium (1.8 1) obtained by cultivating the cells 
described in example 13-ii) was supplemented with 0.1 %(of|CHAPS and filtrated 

CwithjO. 22 lira membrane filter (Steribecs GS, |Mi 1 ipore\ Co. ) . The conditioned 

medium was applied toQ>0 ml of a]heparin Sepharose CL-6B column (2.6 x 10 cm, 

Pharmacia Co.) equilibrated with lOmM Tris-HCl, pH 7.5. After washing the 

column with lOmM Tris-HCl, pH 7.5, the adsorbed prptein was eluted from the 
a, 

column with A linear gradient from 0 to 2 M NaCl at a flow rate of 4 ml/min for 
100 min. and fractions {(8 ml)jwere collected. Using 150 ju 1 of each fraction, 
OCIF activity was assayed according %o the method described in EXAMPLE 2. 



mCIF active fraction (112 ml)] elu 



luted with approximately 0.6 to 1.2 M NaCl^was 

obtained. 

One hundred twelve ml of the active fraction was diluted to 1000 ml with 

10 mM Tris-HCl, 0.1% CHAPS, pH 7.5, and applied to a heparin affinity column 

(heparin-5Pff, 0. 8 x 7. 5 cm, Tosoh Co.) equilibrated with lOmM Tris-HCl, 0.1% 

CHAPS, pH 7.5. After washing the column with lOmM Tris-HCl. 0.1% CHAPS, pH 

a. 

7.5, the adsorbed protein was eluted from the column with* linear gradient from 

0 to 2 M NaCl at a flow rate of 0. 5ml/rain for 60 rain.£j and*fractions Qo. 5 ml)J 

were collected. Four /zl of each fraction was analyzed by SDS-polyacrylamide 

gel electrophoresis under reducing and non-reducing conditions as described 

in EXAMPLE 4.\0n SDS-PAGE under reducing conditions, al single band of rOCIF 

protein with an apparent 60^(Djwas detected in fractions from 30 to 22f underjA"~r 

U/vkr r«j £si£A .. 
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Qion-reducing conditions, bands) of rOCIF protein withfan apparent] 60 (KDj a7uT 

j^P order non-rfju^tn^ ccrui^icnS 

120£KI^were also detected in fractions from 30 to 32? The isolated rOCIF 
*-fvt(* -fraction* 

[fraction from) 30 to 32 was designated as recombinant OCIF derived from 293/EBNA 
(rOCIF(E)). 1.5 ml of the rOCIF(E) (535 \i g/ml) was obtained when determined 
by the method of Lowry, using bovine serum albumin as a standard protein. 



EXAMPLE 14 

Production of recombinant OCIF using CHO cells 

i) Construction of the plasmid for expressing OCIF/ 

pBKOCIF containing about 1.6 kb OCIF cDNA was prepared as described in 

EXAMPLE 11, and digested with restriction enzyme^-jSall and EcoRV. About 1.4 

kb OCIF cDNA insert was separated by fan! agarose gel electrophoresis j and 

purified from the gel using*QIAEX gel extraction kit (QIAGEN). The expression 

vector, pcDL-SR a 296 (Molecular and Cellular Biology, vol 8, p466, 1988) was 

digested with restriction enzyme^J Pst I and KpnI. About 3.4 kb of the 

expression vector fragment was cut out, separated by agarose gel 

CL 

electrophoresis J and purified from the gel using^QIAEX gel extraction kit 

(QIAGEN). The ends of the purified OCIF cDNA insert and the expression vector 

Or 

fragment were blunted using*DNA blunting kit (Takara Shuzo). The purified OCIF 
cDNA insert and the expression vector fragment were ligated using'DNA ligation 
kit ver. 2 (Takara Shuzo). E.(coli]) DH5a a (Gibco BRL) was transformed with 
the ligation mixture. (jhejtransformant containing the OCIF expression plasmid, 
pSRctOCIF was obtained. 
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ii) Preparation of* expression piasmid 

The transformant containing the OCIF expression piasmid, pSR aOCIF 
^preprared in the} example 13— i) and the transformant containing the mouse DHFR 
expression piasmid, pBAdDSV shown in W092/01053 were grown according to {the] 
standard ^ethodj Both plasmids were purified by alkali treatment, polyethylene 
glycol precipitation, and cesium [chrolide/ density gradient ultra 
centrifugation according to A method of Maniatis et al. (Molecular cloning, 2nd 
edition). 



iii) Adaptation of CHOdhFr- cells to the protein free medium 

CHOdhFr- cells (ATCC, CRL 9096) were cultured in IMDM containing 10 % 
fetal calf serum. The cells were adapted to EX-CELL 301 (JRH Biosciecnce) and 
then adapted to EX-CELL PF CHO (JRH Biosciecnce) according to the 
manufacture' s instructions. 



iv) Transfection of the OCIF expression piasmid, and the mouse DHFR expression 
plasmid, (to] CHOdhFr- cells, 

CHOdhFr- cells prepared in EXAMPLE 14— iii) were transfected by 

electroporation with pSRaOCIF and pBAdDSV prepared in EXAMPLE 14-ii). 
|200j /Tg of pSRaOCIF and 20 /zg of pBAdDSV were dissolved under sterile 

conditions in 0.8 ml of IMDM (Gibco BRL) containing 10 % fetal calf serum[f$ 
QxlO 7 cells of^ CHOdhFr-* were suspended in 0.8 ml of this medium. The cell 

suspension was transfered to a cuvette (Bio Rad) and the cells were 

transfected by electroporation using* gene pulser (Bio Rad) under^ondition^ of 
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360 V and 960 ^F. The suspension of electrdporated cells was transferred to 
T-flasks (Sumitomo Bakelite) containing 10 ml of EX-CELL PF-CHO, and incubated 
in the C0 2 incubator for 2 days. [Then the] transfected cells were A inoculated 
^Injeach well of a 96 well plate (Sumitomo Bakelite) at a density of 5000 
cells/well and cultured for about 2 weeks. The transformants expressing DHFR 
are selected since EX-CELL PF-CHO does not contain nucleotides and the 
parental cell line CH0 dhFr- can not grow in this medium- Most of the 
transformants expressing DHFR express 0CIF since the 0CIF expression plasmid 
was used ten times as much as the mouse DHFR /expression plasmid. The 
transformants whose conditioned medium had high 0CIF activity were selected 
among the transformants expressing DHFR according to the method described in 
EXAMPLE 2. The transformants that express large amounts of OCIF were cloned 
by limiting dilution. The clones whose conditioned medium had high 0CIF activity 
were selected as described above and (thej transf ormant expressing large |amount7 



of OCIF; 5561; was obtained. 

v) Production of recombinant OCIF 

To produce recombinant OCIF (rOCIF), ^EX-CELL 301 medijim (3 1) in a il 
A otQhe 55lc\ u)os ;«txnln*fiA V/ita * 3\-sftftgr fl^ Y* >Hx e *~ 6£LL 3q| t 31 ' 
Q-spiner flask was inoculated with the clone (5561)| at a cell-density of 1x10 s 

cells/ml. The 5561 cells were cultured in a spiner flask at 37^ for 4 to 5 

days. When the concentration of the 5561 cells reached£to]lxl0 6 cells/ml, about 

2.7 1 of the conditioned medium was harvested. Then about 2.7 1 of EX-CELL 301 

was added to the spiner flask and the 5561 cells were cultured repeatedly. 

About 20 1 of the conditioned medium was harvested using the three spiner 
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flasks. 

CClt- Condition cJ 



A 



vi) Isolation of recombinant OCIF protein from CHO (cells-conditionedjraediura 

A CH O Cd\'0>ni;+ien £6 . H(Amfc£ 

^Ocells-conditioneJjmedium (1. 0 1) described in(lpAMPL|14-v) was 

supplemented with 1.0 gloflCHAPS and filtrated with^0.22 /im membrane filter 

(Steribecks GS, jMilipore] Co.). The conditioned medium was applied to a heparin 

Sepharose-FF column (2.6 x 10 cm, Pharmacia Co.) equilibrated with 10 mM 

Tris-HCl, pH 7. 5. After washing the column with 10 mM Tris-HCl, 0. 1 % CHAPS, 

a. 

pH 7.5, the adsorbed protein was eluted from the column with A linear gradient 

from 0 to 2 M NaCl at a flow rate of 4 ral/min for 100 min. and fractions j(8^ 

fml)1were collected. Using 150 til of each fraction, OCIF activity was assayed 
L 'J , * A n ax.ii* c 

according to the method described in EXAMPLE 2. (Active| fraction (112 ml) 
eluted with approximately 0.6 to 1. 2 M NaCl was obtained. 

The 112 mlfoflactive fraction was diluted to 1200 ml with 10 mM Tris-HCl, 
0. 1% CHAPS, pH 7. 5, and applied to £|af f inity column (klu^-5PW, 0. 5 x 5. 0 cm, 
Tosoh Co.) equilibrated with 10 mM Tris-HCl, 0. 1% CHAPS, pH 7.5. After washing 
the column with 10 mM Tris-HCl, 0.1% CHAPS, pH 7.5, the adsorbed- protein was. 
eluted from the column with* linear gradient from 0 to 3 M NaCl at a flow rate 
of 0.5ml/min for 60 min.(Tjand fractions (0.5 ml) were collected. Four n 1 of 
each fraction {wasjsubjected to SDS-polyacrylamide gel electrophoresis under 
reducing and non-reducing conditions as described in EXAMPLE 4. [On SDS-PAGE J . 
funder reducing conditions, a| single band of rOCIF protein with*apparent*60 KD , 
was detected in fractions 30 to 3Sj£ under non-reducing conditions, band^ of 
rOCIF protein with apparent*60 KD and 120 KD were also detected in fractions 
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30 to 38. The isolated rOCIF fraction/ 30 to 38, was designated as purified 
recombinant OCIF derived from CHO cells (rOCIF(C)). 4.5 ml of the rOCIF(C) 
(113 p. g/ml) was (obtained whenj determined by the method of Lowry using bovine 
serum albumin as a standard protein. 
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EXAMPLE 15 

Determination of N-terminal amino acid sequence of rOCIFs 

Each 3 /ig of the isolated rOCIF(E) and rOCIF(C) was adsorbed to 
polyvinylidene difluoride (PVDF) membranes with Prospin (PERKIN ELMER Co.). 
The membranes were washed with 20 % ethanol and the N-terminal amino acid 
sequences of the adsorbed proteins were analyzed by protein sequencer (PROCISE 

492, PERKIN ELMER CoO. The determined N-terminal amino acid sequence is shown 

. SEQ. No* 



j* — — 

in [sequence No} 7. f » - - . / 

u 3 , a UAamic act A loot re* 

* J posihotj c2 

The N-terminal amino acid of rOCIF(E) and rOClF(C) was [the 22th amino] 

[acid of glutamine from Met as translation starting point, as shown in sequencej 

£number}5. The 21 amino acids from Met to Gin were identified as a signal 

peptide. The N-terminal amino acid sequence of OCIF isolated from IMR-90 

conditioned mediura^was undetectable!? Accordingly, the N-terminal (glutamine - ] 

of OCIF may be blocked by |con verting fromj^lutamin^ to pyroglutamine within 

^culturing or purif ingTj * 06(1 Cul-hire or pu«*£i <o.-h c*n S-fep^. 



EXAMPLE 16 

Biological activity of recombinant (r) OCIF and natural (n) OCIF m 

l) Inhibition of vitamin D 3 induced osteoclast formation [fromj murine bone 

marrow cells 

Each the rOCIF(E) and nOCIF {sample was] diluted with a -MEM (GIBCO BRL 
Co.) containing 1054 FBS and 2xl0" 8 M of activated vitamin D 3 (a final 
concentration of 250 ng/ml). Each sample was serially diluted with the same 
medium, and 100 /x 1 of each diluted sample was added to each well£in| 96-well 
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plates. Bone marrow cells obtained from/mice, 17 days-oldJ were inoculated at 
a cell density of 3xl0 5 cells/lOO^l/ well (t^each well [in]96-well platband 
cultured for 7 days at 37*10 in humidified 5%C0 r On day 7, the cells were 
fixed and stained withfajacid phosphatase ^mesuringj kit (Acid Phosphatase, 
Leucocyte, No387-A, Sigma) according to the method described in EXAMPLE 2. £hef 
decrease (of[ acid phosphatase activity (TRAP) was taken as A 0CIF activity. fFhel 
decreasejoff acid phosphatase-positive cells was evaluated by solubilizing the 
pigment of dye and measuring absorbance. (in de"taiH 100 of a mixture of 
0. 1 N NaOH and dimethylsulfoxide (1:1) was added to e£ch well and the well was 
vibrated to solubilize the dye. After solubilizing the dye completely, an 
absorbance of each well was measured at 590 nm ; subtracting the absorbance at 
490 nm using A microplate reader (Immunoreader NJ-2000, InterMed). The 
microplate reader was adjusted to 0 absorbance using a well with monolayered 
bone marrow cells which fwasf cultured in the medium without activated vitamin 
D 3 . VThe decrease on TRAP activity was expressed as a percentage of the control 
absorbance value (=100%) lof the] solubilized dye from wells with bone marrow 
cells ^which we ref cultured in the absence of^OCIF^ The results are shown in 
Table 5. 
Table 5 

Inhibition of vitamin D3-induced osteoclast formation from murine bone 
marrow cells 

0CIF concentration (ng/ml) 250 125 63 31 16 0 



rOCIF(E) 



0 0 3 62 80 100 
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nOCIF 



0 0 27 27 75 100 (%) 



Both nOCIF and rOCIF(E) inhibited osteoclast formation in a 
dose dependent manner Qn the concentration! of 16 ng/ml or^higher^ a ^ftaircr^ 



ii) Inhibition of vitamin D3-induced osteoclast formation in co-cultures of 

stromal cells and mouse spleen cells. 

lEffecti of OCIF on osteoclast formation induced by Vitamin D 3 in 

co-cultures of stromal cells and mouse spleen cells was tested according to 

the method of N. Udagawa et aL (Endocrinology, vol. 125, pl805~1813, 1989). 

Jin detai£j each of rOCIF(E), rOCIF(C), and nOCIF|sample wasj serially diluted 

with a -MEM (GIBCO BRL Co.) containing 10% FBS, ^xlO~ 8 M(ofJactivated vitamin 

D 3 , and 2xlO~ 7 M dexaraethason^fyand 100 fil of each' 1 the diluted samples was added 

to each well in(96 well-raicrowell plates. Murine bone marrow-derived stromal 

ST2 cells (RIKEN Cell Bank RCB0224) pi 5xl0 3 cells per lOOjzl of a -MEM 

containing 10%fFBS,1 and spleen cells fromfddy mice, 8 weeks-old, Tj lxlO 5 cells 

per 100 ill in the same medium, were inoculated (toj each well ^in 96-well platesj 

and cultured for 5 days at 37*C in humidified 5%C0 2 . On day 5, the cells were 

fixed and stained Twith a kit fori acid phosphatase '''(Acid Phosphatase, 

Leucocyte, No387-A, Sigma), vThe decrease oxacid phosphatase-positive cells 

was taken*as OCIF activity. The decrease (of] acid phosphatase-positive cells 

was evaluated according to the method described in EXAMPLE 16-i). The results 

TabU L (rOCKCe}*^ rtXXPCQ) <XS\A TnM* 7 (r&SKe) 0*<± 
Lare shown in Table 6 ; rOCIF(E) and rOCIF(C), and Table 7 ; rOCIF(E) an£] 



(nOCIF]* ftO^Ei 
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Table 6 

Inhibition of osteoclast formation in co-cultures of stromal cells and mouse 
spleen cells. 



OCIF concentration (ng/ml) 50 


25 


13 


6 


0 


rOCIF(E) 3 


22 


oo 






rOCIF(C) 13 


19 


70 


96 


100 (%) 


Table 7 










Inhibition of osteoclast formation 


in co- 


-cultures 






of stromal cells and mouse spleen cells. 








OCIF concentration (ng/ml) 250 


63 


16 


0 




rOCIF(E) 7 


27 


37 


100 




rOCIF(C) 13 


23 


40 


100 


<%) 



nOCIF, rOCIF(E) and r0CIF(C) inhibited osteoclast formation in a 
dose dependent manner (in the concentration/of 6 - 16 ng/ml or{higher7-t ^f^ a 

iii) Inhibition of PTH-induced osteoclast formation (fromj murine bone marrow 

cells. ^ dfei. 

^Effecj^ of OCIF on osteoclast format ion induced by PTH was tested 
according to the method of N. Takahashi et al. (Endocrinology, vol. 122, 
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P1373-1382, 1988) '(indetail, each th^rOCIF(E) and nOCIF (saniplej (125 ng/ml) 

fwaslserially diluted with a -MEM (manufactured by GIBCO BRL Co.) containing 

10% FBS and 2xlO~ 8 M PTH, and 100 ji 1 of each'the diluted samples was added to™ 

96 well-plates. Bone marrow cells from[ddy mice, 17 days-oldJ at a cell 

density of 3x10 s cells per 100 /zl of a -MEM containing 10% FBS were 
k \tfo- 

inoculated^o^e^clfwell (Ln|96-wells Jplatesjand cultured for 5 days at 37t in 
humidified 5%C0,. On day 5, the cells were fixed with ethanol^TcetonT (1:1) for 

1 min. at room temperature and stained with (a kit forjacid phosphatase' 4 (Acid 
Phosphatase, Leucocyte, No387-A, Sigma) according tb the method described in 1 
EXAMPLE 2. (jhej decrease jofjacid I phosphatase-positive cells was taken as^OCIF 
activity. The decrease [of] acid phosphatase-positive cells was evaluated 
according to the method described in EXAMPLE 16— i) . The results are shown in 
Table 8. 
Table 8 

Inhibition of PTH-induced osteoclast formation from murine bone marrow cells. 



0CIF concentration (ng/ml) 125 63 31 16 8 0 



rOCIF(E) 6 58 58 53 88 100 

nOCIF 18 47 53 56 91 100 



nOCIF and rOCIF(E) inhibited osteoclast formation in a dose 
dependent manner [in the concentration|of 16 ng/ml or |fugher| << ^<^ tejr - 



iv) Inhibition of IL-li-induced osteoclast formation 
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(v ' 
Effect^ of OCIF on osteoclast formation induced by IL-il was tested ' 

according to the method of T. Tamura et al. (Proc. Natl. Acad. Sci. USA, vol. 

90, pil924-11928, 1993). Qn detail, eachf rOCIF(E) and nOCIF (s_ample wasp 

serially diluted with a -MEM. (GIBCO BRL Co.) containing 10% FBS and 20 ng/ml 



IL-11 and 100^1 of each /the! diluted sample was added to each well in^-well 

fplatesT Newborn mouse calvaria-derived pre-adipocyte MC3T3-G2/PA6 cells (RIKEN 

Cell Bank RCB1127) (i/SxlO 3 cells per 100 til of a-MEM containing 10% FBS, and 

A XuctKolJ AAs f recuse* 
spleen cells f rom (ddy mouse, 8 weeks-old, j 1x10 s cells per 100 \i \ in the 

same medium, were inoculated [to| each well [lnl 96-wefl {plates[ and cultured for 

5 days at 37 °C in humidified 5%C0 2 . On day 5, the cells were fixed and 

stained with {a kit forfacid phosphatase (Acid Phosphatase, Leucocyte, No387~A, 



Sigma). Acid phosphatase positive cells were counted under microscope and a 
decrease of the cell numbers was taken as OCIF activity. The results are shown 



in Table 9. 
Table 9 



OCIF concentration (ng/ml) 


500 


125 


31 


7.8 


2.0 


0.5 


0 


nOCIF 


0 


0 


1 


4 


13 


49 


31 


rOCIF(E) 


0 


0 


1 


3 


10 


37 


31 



Both nOCIF and rOCIF(E) inhibited osteoclast formation in a dose 



dependent manner ^n the concentrationj of 2 ng/ml or^Tigherj * ^[ 

The results shown in Table 4-8 indicated that OCIF inhibits all the 
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vitamin D 3> PTH, and IL-ll-induced osteoclast formations at almost the same 

A coua±_ 

doses. Accordingly, OCIF (would be able to! be used for ^treatment of the]* *ftg*rin<j 
different types of bone disorders Iwithjdecreased bone mass, (whichjare caused 
by different substances {whicKj induce bone resorption. 



EXAMPLE 17 

Isolation of monomer-type OCIF and dimer-type OCIF 

Each rOCIF(E) and rOCIF(C) sample containing 100 /xg of OCIF protein, was 
supplemented with 1/100 volume of 25 % trifluoro acetic acid and applied to 
a reverse phase column (PROTEIN-RP, 2,0x250 mm, YMC Co.) equilibrated with 30. 

% acetonitrile containing 0. 1 % trifluoro acetic acid, OCIF protein was eluted 

a. 

from the column with A linear gradient from 30 to 55 % acetonitrile at a flow 
rate of 0. 2 ml/min for 50 min. and each OCIF peak was collected. |Each thep 1 — 



monomer-type OCIF peak fraction and dimer-type OCIF peak fraction £wasjA ^'^t 
[lyophilized, respectively^ a efrck /yoph. lizg<A 



EXAMPLE 18 

Determination of molecular weight of recombinant OCIFs 

Each 1 \i g of the isolated monomer-type and dimer-type nOCIF purified 
using A reverse phase column according to EXAMPLE 3-iv) and each 1 \i g of 
monomer-type and dimer-type rOCIF described in EXAMPLE 17 was concentrated 
under (yaccum, respectively^ Each sample was incubated in the buffer for SDS- 
PAGE, subjected to SDS-polyacrylamide gel electrophoresis, and protein bands 
on the gel were stained with silver according to the method described in 
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EXAMPLE 4. Results of electrophoresis under non-reducing conditions and 
reducing conditions are shown in (Figure 6 and Figure 7j A ^ u cs *° 6 7 - r w P"^' 

A protein band with an apparent molecular weight of 60 KD was detected 
in each monomer-type OCIF sample, and a protein band with an apparent molecular 
weight of 120 KD was- detected in each dimer-type OCIF samplejlrjjno^^ucing 
conditions. A protein band with an apparent molecular weight of 60 KD was 
detected in^each monomer-type OCIF sample under reducing conditions. 
Accordingly/ molecular weights of monomer-type nOCIF from IMR-90 cells, rOCIF 
from 293/EBNA cells and rOCIF from CHO cells were almost the saraef Molecular 
weights of dimer-type nOCIF from IMR-90 cells, rOCIF from 293/EBNA cells, and 
rOCIF from CHO cells were also the same?^'^ 



EXAMPLE 19 l0 f -fte 

A Bar0sd. ^ Aic^st^VyjJj^ 

(RemovjJ N-l inked Oligosaccharide chain and jMesurin^ molecular weight of 
natural and recombinant OCIF 



Each sample containing 5/ig of the isolated monomer-type and dimer-tvDe 
ft 

nOCIF purified using reverse phase column according to EXAMPLE 3-iv) and each 
sample containing 5 /ig of monomer-type and dimer-type rOCIF described in 
EXAMPLE 17 were concentrated under vaccura. Each sample was dissolved in 9.5 
ul of 50 mM sodium phosphate buffer, pH 8.6, containing 100 mM 
2-mercaptoethanol, supplemented with 0.5 n 1 of 250 U/ml N-glycanase 
(Seikagaku kogyo Co.) and incubated for one day at 37 °C. Each sample was 
supplemented with 10 u 1 of 20 mM Tris-HCl, pH 8.0 containing 2 mM EDTA, 5 % 
SDS, and 0. 02 % bromo-phenol blue and heated for 5 min at 100 Each 1 & I 
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of the samples was subjected to SDS-polyacrylamide gel electrophoresis jand 
protein bands on the gel were stained with silver as described in EXAMPLE 4. 
The patterns of electrophoresis are shown^n Figure 8. 

An apparent molecular weight of each' the deglycosylated nOCIF from IMR-90 
cells, rOCIF from CHO cells, and rOCIF from 293/EBNA cells was 40 KD under 
reducing conditions. An apparent molecular Weight of eacl/untreated nOCIF from 
IMR-90 cells, rOCIF from 293/EBNA cells, and rOCIF from CHO cells was 60 KD 
under reducing conditions. Accordingly, the results indicate that the OCIF 
proteins are glycoproteins with N-linked sugar chains. 
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EXAMPLE 20 

Cloning of OCIF variant cDNAs and determination of their DNA <squences7* ^% Ucn( ^^ s 

. comprising - *' i(rtv piSxfrtd 

The plasmid pBKOCIF, |which is inserted] OCIF cDNA (to] pBKCMV (Stratagene) , 

was obtained [from one of some purified positive phage] as in example 10 and 11 

JAnd mord during the screening of the cDNA library with the 397 bp OCIF cDNA 

probe, the transformants containing plasmids whose insert sizes were different 

from that of pBKOCIF were obtained. These transformants containing the 

plasmids were grown and the plasmids were purified according to the standard 

method.. The sequence of the insert DNA in each plasmid was determined using'"— ' 

Taq Dye Deoxy Terrainater Cycle Sequencing kit (Perkin Elmer). The fused primer£J A £!2. mo ^ 

were T3, T7^JprimersJ (Stratagene) and synthetic primers prepared based on the 

nucleotide sequence of OCIF cDNA. There are four OCIF variants (0CIF2, 3, 4, 

and 5) in addition to OCIF. The nucleotide sequence of 0CIF2 is shown in ithe7 

(sequence nurabef7 8 and the amino acid sequence of OCIF 2 predicted by the 

nucleotide sequence is shown in [the sequence numbed 9. The nucleotide sequence 

A SeQ.3rr> /Oo. 

of 0CIF3 is shown in /the sequence number? 10 and the amino acid sequence of 

U ^ \* jgQ- T i> Al^ 

0CIF3 predicted by the nucleotide sequence is shown in |the sequence numberj 

. s^o > X> 

11. The nucleotide sequence of 0CIF4 is shown in [the sequence numbeij 12 and 

the amino acid sequence of 0CIF4 predicted by the nucleotide sequence is shown 
* S£<i.£I> tie- 

in {the sequence numberi 13. The nucleotide sequence of 0CIF5 is shown in (thej 

(sequence number] 14 and the amino acid sequence of 0CIF5 predicted by the 

. ■ r ' ^- Jb 

nucleotide sequence is shown in fche sequence number? 15. The structures of OCIF 

variants are shown in Figures 9 to 12 and are 4 describedQn brief^ below. 
0CIF2 
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a 0CIF2 cDNA has a deletion of 21 bp from guanine at nucleotide number 265 
to guanine at nucleotide number 285 in OCIF cDNA ((sequence numbe^6). 
Accordingly* 0CIF2 has a deletion of 7 amino acids from glutamic acid (Glu) at 
amino acid number 68 to glutamine (Gin) at amino acid number 74 in OCIF 
({sequence number[ 5) . 
0CIF3 

The ^ 
>^^0CIF3 cDNA has a point mutation at nucleotide number 9 in^OCIF cDNA 

Sequence numbeij 6) where cytidine is replaced with guanine. 

Accordingly* 0CIF3 has a mutation Jandjasparagine (Asn) at amino acid number -19 

in OCIF Sequence number} 5) is replaced with lysine (Lys). The mutation seems 

to be located in the signal sequence and [have] no essential effect on the 

A &£r*,4itn of 

^secrete 0CIF3. 0CIF3 cDNA has a deletion of 117 bp from guanine at nucleotide 
number 872 to cytidine at nucleotide number 988 in' OCIF cDNA (^sequence numberj 
6). 

Accordingly^ 0CIF3 has a deletion of 39 amino acids from threonine (Thr) at 
amino acid number 270 to leucine (Leu) at amino acid number 308 in OCIF 
({sequence number| 5) . 

0CIF4 ^ 6cIfrif cDN fi Us -ju>o pcini ^H^cns ] a -the <WF MA £SES. JD ^ 

^0CIF4 cDNA has two point mutations in OCIF cDNA (sequence number 6)]] 
Cytidine at nucleotide number 9 is replaced with guanine and guanine at 
nucleotide number 22 is replaced with thymidine in OCIF cDNA (^equence number^ 
6). 

Accordingly, 0CIF4 has two mutations. Asparagine (Asn) at amino acid number -19 
in OCIF (bequence number] 5) is replaced with lysine (Lys), and alanine (Ala) 
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at amino acid number -14 is replaced with serine (Ser). These mutations seem 
to be located in the signal sequence and have no essential effect on the 
secreted 0CIF4. > ■ 

0CIF4 cDNA has about 4 kb DNA, (which is the] intron 2 of'OCIF gene, inserted 
between nucleotide number 400 and nucleotide number 401 in OCIF cDNA (^equencej 
|nuraberj6). The open reading frame stops in intron 2. 

Accordingly 0CIF4 has an additional novel amino acid sequence containing 21 
amino acids after alanine (Ala) at amino acid number 112 in OCIF QTequencej 
^number 5) ' 1 

0CIF5 ' 

Tb^- i — 

a 0CIF5 cDNA has a point mutation at nucleotide number 9 in OCIF cDNA 
(^sequence numberl 6) where cytidine is replaced with guanine. 
Accordingly; 0CIF5 has a mutation {andjasparagine (Asn) at amino acid number -19 
in OCIF %equenpe number] 5) is replaced with lysine (Lys). The mutation seems 
to be located in the signal sequence and ^havej no essential effect on the 
[secreted] 0CIF5. 

^jft^OCIFS cDNA has the latter portion (about 1.8 kb) of intron 2 between 
nucleotide number 400 and nucleotide number 401 in OCIF cDNA (jfequence nuraberj 
6). The open reading frame stops in the latter portion of intron 2, 
Accordingly, 0CIF5 has an additional novel amino acid sequence containing 12 . 
amino acids after alanine (Ala) at amino acid number 112 in OCIF (^equencej 
^number 5)7^ 



EXAMPLE 21 
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Production of OCIF variants 

i) Construction of the plasmid for expressing OCIF variants 

The plasmid] containing 0CIF2 or 0CIF3 cDNA\was} obtained as described in 
EXAMPLE 20 and called pBK0CIF2 and pBK0CIF3, respectively. pBK0CIF2 and 
pBK0CIF3 were digested with restriction enzyme^-] BamHI and XhoL The 0CIF2 and 
0CIF3 cDNA inserts were separated by agarose gel electrophoresis;-] and purified 
from the gel using^QIAEX gel extraction kit (QIAGEN). The purified 0CIF2 and 
0CIF3 cDNA inserts were individually "ligated using DNA ligation kit ver. 2 
(Takara Shuzo) to the expression vector pCEP4 (Invitrogen) that had been 
digested with restriction enzyme^/j BamHI and XhoL E.(coli^ DH5a (Gibco BRL) 
was transformed with the ligation mixture. 

The plasmid containing 0CIF4 cDNA was obtained as described in EXAMPLE 20 and 
called pBK0CIF4. pBK0CIF4 was digested with restriction enzyme^jSpel and Xhol 
(Takara Shuzo). The 0CIF4 cDNA insert was separated by fanT agarose gel 
electrophoresis, and purified from the gel using* QIAEX gel extraction kit 
(QIAGEN). The purified 0CIF4 cDNA insert was ligated using^DNA ligation kit 
ver. 2 (Takara Shuzo) to (thej expression vector pCEP4 (Invitrogen) that had 
been digested with restriction enzyme^yNhel and Xhol (Takara Shuzo). E. §olij A ' / s '* t °' lh 
DH5 a (Gibco BRL) was transformed with the ligation mixture. ' 
The plasmid containing 0CIF5 cDNA was obtained as described in EXAMPLE 20 and 
/jrasjcalled pBKOCIFS. pBK0CIF5 was digested with restriction enzym^jHindlll 
(Takara Shuzo). The 5* portion of the coding region in the 0CIF5 cDNA insert 
was separated by agarose- gel electrophoresi^^and purified from the gel using A ~~ 
QIAEX gel extraction kit (QIAGEN). The OCIF expression plasmid, pCEPOCIF, 
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obtained in EXAMPLE 13-i) was digested with' 1 restriction enzymcp-jHindlll 
(Takara Shuzo). The 5' portion of the coding region in the OCIF cDNA was removed. 
The rest of the plasmid that contains pCEP vector and the 3' portion of the 
coding region of OCIF cDNA was called pCEPOCIF-3' . pCEPOCIF-3* was separated 
by (an] agarose gel electrophoresis and purified from the gel using* QIAEX gel 
extraction kit (QIAGEN). The 0CIF5 cDNA Hindlll fragment and pCEPOCIF-3' were 
ligated using DNA ligation kit ver. 2 (Takara Shuzo). E.jcoli^ DH5 a (Gibco 
BRL) was transformed with the ligation mixture. 

A bzLn%-Jbr*yq*'h obtained a ^/4a"/ 

The ^obtained transformants) were grown at 37 overnight and the OCIF Variants] 
expression plasmids (pCEP0CIF2, pCEP0CIF3, pCEP0CIF4, and pCEPOCIFS) were 
purified using QIAGEN (column^ (QIAGEN). These OCIF-Jvariant^-expression plasmids 
were precipitated with ethanol, dissolved in sterile distilled water, and used 
in the jexprerimentjij described below. 



ii) Transient expression of OCIF variant cDNAs and analysis of the biological 
activity of recombinant OCIF variants. 

Recombinant OCIF variants were produced using the expression^plasmidj 
pCEP0CIF2, pCEP0CIF3, pCEP0CIF4, and pCEPOCIFS [prepared] as described in 
EXAMPLE 21-i) according to the method described in EXAMPLE 13-ii). The 
biological activities of recombinant OCIF variants were analysed. The results 
were that these OCIF variants (0CIF2, 0CIF3, 0CIF4, and 0CIF5) had (a] weak 
activity. 



EXAMPLE 22 
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Preparation of OCIF mutants 

i) Construction of a plasmid vector for subcloning cDNAs encoding OCIF mutants 
The plasmid vector (5 \i g) described in EXAMPLE 11 was digested with 
restriction enzymes Bam HI and Xho I ( Takara Shuzo). The digested DNA was 
subjected tolajpreparative agarose gel electrophoresis. a DNA fragment with an 
approximate size of 1.6 kilobase pairs (kb) that contained the entire coding 
sequence for OCIF was purified from the gel using QIAEX gel extraction kit 
(QIAGEN). The purified DNA was dissolved in 20 \x\ of sterile distilled 
water. This solution was designated DNA solution 1/ p Bluescript II SK + (3 
It g) (Stratagene) was digested with restriction enzymes Bam HI and Xho I 
(Takara Shuzo). The digested DNA was subjected to preparative agarose gel 

A 

electrophoresis. *^DNA fragment with an approximate size of 3.0 kb was 
purified from the gel using" QIAEX DNA extraction kit (QIAGEN). The purified 
DNA was dissolved in 20 ii 1 of sterile distilled water. \Jhe] solution was 
designated DNA solution 2. One microliter of DNA solution 2, 4 /zl of DNA 
solution 1 and 5 /il of ligation buffer I(of]DNA ligation kit ver. 2 (Takara 
Shuzo) were mixed and incubated at 16 1G for 30 min, (The ligation mixture 
was used [fo^ the transformation of E. coli in a manner described below). 
Conditions for transformation of E. coli were as follows. One hundred 
microliters of competent E. coli DH5 a cells (GIBCO BRL) and 5^1 of the 
ligation mixturefwasj mixed in a sterile 15-ml tube (IWAKI glass). The tube 
was kept on ice for 30 min. After incubation for 45 sec at A2°C, (to the ce llsl 
\was added] 250 n 1 of L broth (1% Tryptone, 0.5% yeast extract, 1% NaCl)\ The 
cell suspension was then incubated for lhr. at 37°C with shaking. Fifty 
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micro 



liters of the cell suspension was plated onto an L-agar plate containing 



50/ig/ml of ampicillin. The plate was incubated overnight at 37°C. 

Six colonies which grew on the plate were {fnd i vidua Hyp ncuba ted in 2 ml 
£each] of L-broth containing 50 \x g/ral [of] ampicillin overnight at 37°C with 
shaking. The structure of the plasmids in the colonies was analyzed. A 
plasmid in which the 1. 6-kb DNA fragment containing the entire OCIF cDNA is 
inserted between the digestion sites of Bam HI and Xho I of pBluescript II SK 
+ was obtained and designated as pSK + -OCIF. 

ii) Preparation of mutants in which one of the Cys residues in OCIF is 
a. 
>^ 

replaced with Ser residue 

1) Introduction of mutations into OCIF cDNA 

OCIF mutants were prepared in which one of the five Cys residues present 
in OCIF at positions 174, 181, 256, 298 and 379 (in SEQUENCE NO 4) was replaced 

Ol 

with' Ser residue and were designated 0CIF-Cl9S(174Cys to Ser), 0CIF-C20S 
(181Cys to Ser), 0CIF-C21S (256Cys to Ser), 0CIF-C22S (298Cys to Ser) and 
0CIF-C23S (379Cys to Ser), respectively. 

To prepare the mutants, nucleotides encoding the corresponding Cys residues 
were replaced with those encoding Ser. Mutagenesis was carried out by a 
two-step polymerase chain reaction (PCR). The first step of the PCRs 
consisted of two reactions, PCR 1 and PCR 2. 

PCR 1 10X Ex Taq Buffer (Takara Shuzo) 10 u 1 

2. 5 mM solution of dNTPs 8 »l 

the plasmid vector described in EXAMPLE 11 (8ng/ml) 2 fil 
sterile distilled water 73.5 til 
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20 fiU solution of primer 1 




5 


Ml 


100 /zM solution of primer 2 (for 


mutagenesis) 


1 


ul 


Ex Taq (Takara Shuzo) 




0.5 


ul 


10X Ex Taq Buffer (Takara Shuzo) 




10 


ul 


2. 5 mM solution of dNTPs 




8 


ul 


the. plasmid vector described in EXAMPLE 11 (8ng/ml) 


2 


ul 


sterile distilled water 




73.5 


Ul 


20 /LtM solution of primer 3 




5 


ul 


100 /zM solution of primer 4" (for 


mutagenesis) 


1 


ul 


Ex Taq (Takara Shuzo) 




0.5 


ul 



Specific sets of primers were used for each mutation and other components 
were unchanged. Primers used for the reactions are shown in Table 10. The 
nucleotide sequences of the primers are shown in[SEQUENCE UOjj 20, 23, 27 and 
30-40. The PCRs were performed under the following conditions(as follows^ An 
initial denaturation step at 97*C for 3 rain was followed by 25 cycles of 
denaturation at 95^ for 1 min, annealing at 55*C for 1 rain and extension at 
72X^ for 3 min. After these amplification cycles, final extension was 
performed at 7Q°C for 5 min. TheCsize} of the PCR £rodcts wasj confirmed by 
agarose gel electrophoresis ^sin^reaction^plutiorj. After the first PCR, 
excess primers were removed using* Araicon raicrocon (Araicon). The final volume 
of the solutions that contained the PCR products were made to 50 /x 1 with sterile 
distilled water. These purified PCR products were used for the second PCR 
(PCR 3). 

PCR 3 10X Ex Taq Buffer (Takara Shuzo) io A 1 
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2. 5 mM solution of dNTPs 

solution containing DNA fragment obtained from PCR 1 

solution containing DNA fragment obtained from PCR 2 

sterile distilled water 

20 jiM solution of primer 1 

20 p.U solution of primer 3 

Ex Taq (Takara Shuzo) 



Table 10 



mutants 


primer-1 


primer— 2 


primer- 3 


primer-4 


0CIF-C19S 


IF 10 


C19SR 


IF 3 


C19SF 


0CIF-C20S 


IF 10 


C20SR 


IF 3 


C20SF 


0CIF-C21S 


IF 10 


C21SR 


IF 3 


C21SF 


0CIF-C22S 


IF .10 


C22SR 


IF 14 


C22SF 


0CIF-C23S 


IF 6 


C23SR 


IF 14 


C23SF 



The reaction conditions were exactly the same as those for PCR 1 or PCR 
2. The][siz^of the PCR Jprodcts wasj confirmed by 1.0 % or 1.5 % agarose gel 
electrophoresis. The DNA fragments were precipitated with ethanol, dried 
under vacuum and dissolved in 40 m 1 of sterile distilled water. The solutions 
containing DNA fragments withfmutatiorj C19S, C20S, C21S, C22S and C23S were 
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8 ul 

5 u 1 

5 ix 1 

61.5 ul 

5 M l 

5 m1 

0.5 m1 
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designated as DNA solution A, DNA solution B, DNA solution C, DNA solution D 
and DNA solution E, respectively. 

The DNA fragment which is contained in solution A (20 /z 1) was digested with 

restriction enzymes Nde I and Sph I (Takara Shuzo). A DNA fragment with an 

approximate size of 400 base pairs (bp) was extracted from a preparative 

agarose gel and dissolved in 20 \i 1 of sterile distilled water. This DNA 

solution was designated DNA solution 3. Two micrograms of pSK + -OCIF (wasj/t ^S£^ 

digested with restriction enzymes Nde I and Sph I. A DNA fragment with an 

approximate size of 4: 2 kb was purified from a preparative agarose gel 

QIAEX gel extraction kit and dissolved in 20 /zl of sterile distilled 

water. This DNA solution was designated (asj DNA solution 4. Two microliters 

of DNA solution 3, 3 /il of DNA solution 4 and 5 /zl of ligation buffer I GfT * £*i2_fL 

DNA ligation kit ver. 2 were mixed and ligation reaction was carried out. 

<v 6. <*>U She. in I>HSU 
Competent^}, coli DH5 ^cells were transformed with 5 /zl of the ligation 

mixture. Ampici 11 in-resistant transformants were screened for a clone 

containingfajplasraid DNA. DNA structure was analyzed by restriction enzyme 

mapping and by DNA sequencing. The plasmid thus obtained was named 

PSK-OCIF-C19S. 

The DNA fragment (which isj contained in solution B (20 & 1) was digested 

with restriction enzymes Nde I and Sph I. A DNA fragment with an approximate 

size of 400 bp was extracted from a preparative agarose gel(witfij QIAEX gel 

extraction kit and dissolved in 20 /z 1 of sterile distilled water. This DNA 

solution was designated DNA solution 5. Two microliters of DNA solution 5, 

a frt>rr\ 

3 m1 of DNA solution 4 and 5 /z 1 of ligation buffer l(ofJDNA ligation kit 
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ver. 2 were mixed and* ligation reaction wad carried out. Competent E. coli ^^2H!L 

DH5 a cells were transformed with 5 /il of the ligation mixture. 

Ampici 11 in-resistant transformants were screened for a clone containing [a3 

plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 

DNA sequencing. The plasmid thus obtained was named pSK-0CIF-C20S. 

The DNA fragment which is contained in solution C (20 \i 1) was digested with 

restriction enzymes Nde I and Sph L A DNA fragment with an approximate size 

of 400 bp was extracted from a preparative agarose gel (withj QIAEX gel 

extraction kit and dissolved in 20 /zl of sterile distilled water. This DNA * 

solution was designated (as\ DNA solution 6. Two microliters of DNA solution 

6, 3 ii 1 of DNA solution 4 and 5/zl of ligation buffer IfoflDNA ligation kit 

ver. 2 were mixed and ligation reaction was carried out. Competent E. coli 4 gfr^ifi 

DH5 a cells were transformed with 5 /il of the ligation mixture. 

Ampicillin-resistant transformants were screened for a clone containing (a "J 

plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 

DNA sequencing. The plasmid thus obtained was named pSK-0CIF-C21S. 

The DNA fragment which is contained in solution D (20 \i 1) was digested with 

restriction enzymes Nde I and Bst PL A DNA fragment with an approximate size 

of 600 bp was extracted from a preparative agarose gel ^witfi\ QIAEX gel 

extraction kit and dissolved in 20 \i 1 of sterile distilled water. This DNA 

solution was designated{asjDNA solution 7. Two micrograms of pSK + -OCIFjwasJ^ 

digested with restriction enzymes Nde I and Bst PI. A DNA fragment with an 

approximate size of 4.0 kb was extracted from a preparative agarose gel fwithj* °~ 

QIAEX gel extraction kit and dissolved in 20 /x 1 of sterile distilled 
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water. This DNA solution was designated {asjDNA solution 8. Two microliters 
of DNA solution 7, 3 ii 1 of DNA solution 8 and 5^1 of ligation buffer I /of It (h>/*\ g 
DNA ligation kit ver. 2 were mixed and ligation reaction was carried out. 
Competent E. coli*DH5 a cells were transformed with 5 /x 1 of the ligation 
mixture. Ampicillin-resistant transforraants were screened for a clone 
containing [kjplasraid DNA in which the 600-bp Nde I-BstPI fragment with the 
mutation (the C22S mutation) is substituted for the 600-bp Nde I-Bst PI 
fragment of pSK+ -OCIF by analyzing the DNA structure. DNA structure was 
analyzed by restriction enzyme mapping and by DNA' sequencing. The plasmid { 
thus obtained was named pSK-0CIF-C22S. 

The DNA fragment which is contained in solution E (20 \x 1) was digested 
with restriction enzymes Bst PI and Eco RV. A DNA fragment with an approximate 
size of 120 bp was extracted from a preparative agarose gel [with] QIAEX gel 



extraction kit and dissolved in 20 /x 1 of sterile distilled water. This DNA 

solution was designated (as] DNA solution 9. Two micrograms of pSK + -OCIF (wasj^ 

digested with restriction enzymes Bst EI I and Eco RV. A DNA fragment with an 

approximate size of 4. 5 kb was extracted from a preparative agarose gel {with]* <#>Vff , 

QIAEX gel extraction kit and dissolved in 20 /x 1 of sterile distilled 

water. This DNA solution was designatedfasjDNA solution 10. Two microliters 

of DNA solution 9, 3 /x 1 of DNA solution 10 and 5 /x 1 of ligation buffer Ifofl^&L- 

DNA ligation kit ver. 2 were mixed and* ligation was carried out. Competent 
SWn _ 

E. coli A DH5 a cells were transformed with 5 1 of the ligation mixture. 
Ampicillin-resistant transformants were screened for a clone containing£aJ 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by - 
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DNA sequencing. The plasmid thus obtained was named pSK-0CIF-C23S. 
2) Construction of vectors for expressing the OCIF mutants 

PSK-0CIF-C19S, pSK-0CIF-C20S, pSK-0CIF-C21S, pSK-0CIF-C22S and 
pSK-0CIF-C23S were digested with restriction enzymes Bam HI and Xho I. The 
1. 6 kb Bam HI-Xho- 1 DNA fragment encoding each OCIF mutant was isolated and 
dissolved in 20 nl of sterile distilled water. The DNA solutions that contain 
1. 6 kb cDNA fragments derived from pSK-OCIF-C19S, pSK-OCIF-C20S, pSK-0CIF-C21S, 
pSK-0CIF-C22S and pSK-0CIF-C23S were designated C19S DNA solution, C20S DNA 
solution, C21S DNA solution, C22S DNA solution' and C23S DNA solution, 1 
respectively. Five micrograms of (^expression vector pCEP 4 (Invitrogen) (wasj* tJdre 
digested with restriction enzymes Bam HI and Xho I. A DNA fragment with an 
approximate size of 10 kb was purified and dissolved in 40 /x 1 of sterile 
distilled water. This DNA solution was designated as pCEP 4 DNA 

C19SDNAj> 

solution, C20S DNA solution, C21S DNA solution, C22S DNA solution or C23S DNA 
solution were independently mixed with 7 u 1 of ligation buffer l(ofJDNA 
ligation kit ver. 2 and'Tigation reactions were carried out. Competent E. 
coli*DH5a cells (100 til) were transformed with 7 u 1 of each ligation 
mixture. Ampicillin-resistant transformants were screened for clones 
containing plasmid in which a 1.6-kb cDNA fragment is inserted between the 
recognition sites of Bam HI and Xho I of pCEP 4 by analyzing the DNA 
structure. The (plasmidej which were obtained containing the cDNA encoding 
0CIF-C19S, 0CIF-C20S, 0CIF-C21S, 0CIF-C22S and 0CIF-C23S were designated 
PCEP4-0CIF-C19S, pCEP4-0CIF-C20S, pCEP4-0CIF-C21S, pCEP4-OCIF-C22S and 
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pCEP4-OCIF-C23S, respectively. 



ii) Preparation of domain-deletion mutants of OCIF 
(1) deletion mutagenesis of OCIF cDNA 

A series of OCIF mutants with deletions (ofjfrom Thr 2 to Ala 42, from Pro 
43 to Cys 84, from Glu 85 to Lys 122, from Arg 123 to Cys 164, from Asp 177 
to Gin 25irandIfrom He 252 to His 326 were prepared (positions of the amino 
acid residues are shown in (SEQUENCE NCjJ 4) . These mutants were designated as 
0CIF-DCR1, 0CIF-DCR2, 0CIF-DCR3, 0CIF-DCR4, 0CIF-DDD1 and 0CIF-DDD2, 
respectively. 

Mutagenesis was performed by two-step PGR as described in EXAMPLE 22-(ii). 
The primer sets for the reactions are shown in Table 11 and the nucleotide 
sequences of the primers are shown in [SEQUENCE N0jl9, 25, 40-53^-j and 54. 
Table 11 



mutants 


primer-1 


priraer-2 


priraer-3 


prime r~4 


0CIF-DCR1 


Xhol F 


DCRIR 


IF 2 


DCR1F 


0CIF-DCR2 


Xhol F 


DCR2R 


IF 2 


DCR2F 


0CIF-DCR3 


Xhol F 


DCR3R 


IF 2 


DCR3F 


0CIF-DCR4 


Xhol F 


DCR4R 


IF 16 


DCR4F 


0CIF-DDD1 


IF 8 


DDD1R 


IF 14 


DDD1F 


0CIF-DDD2 


IF 8 


DDD2R 


IF 14 


DDD2F 
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The final PCR products were precipitated with ethanol, dried under vacuum and 
dissolved in 40/xl of sterile distilled water. Solutions of DNA ^ragmen^^jr^vf^ 
coding for portions of 0CIF-DCR1, 0CIF-DCR2, 0CIF-DCR3, 0CIF-DCR4, 0CIF-DDD1 
and 0CIF-DDD2 were designated (asj DNA solutions F f G, H, I f J and K, 
respectively. 

The DNA fragment (which is] contained in solution F (20 /il) was digested with 
restriction enzymes Nde I and Xho I. A DNA fragment with an approximate size 
of 500 bp was extracted from a preparative agarose gel {with} QIAEX gel 
extraction kit and dissolved in 20 ix \ of sterile distilled water. This DNA 1 
solution was designated DNA solution 11. Two micrograms of pSK+ -0CIF(was]< 1 *H££^ 
digested with restriction enzymes Nde I and Xho L A DNA fragment with an 
approximate size of 4.0 kb was extracted from a preparative agarose gelfwitRJ^ y s i*$ £ ■ 
QIAEX gel extraction kit and dissolved in 20 /z 1 of sterile distilled 
water. This DNA solution was designated DNA solution 12. Two microliters of 
DNA solution 11, 3 m 1 of DNA solution 12 and 5 \i 1 of ligation buffer I (of 3* ^2fO- 
DNA ligation kit ver. 2 were mixed and ligation was carried out. Competent 
E. coli^DHS a cells were transformed with 5 \i 1 of the ligation mixture. 
Ampicillin-resistant transforraants were screened for a clone containingQf^ 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and 
by DNA sequencing. The plasmid thus obtained was named pSK-OCIF-DCRL 

The DNA fragment which is contained in solution G (20 \i 1) was digested 
with restriction enzymes Nde I and Xho I. A DNA fragment with an approximate 
size of 500 bp was extracted from a preparative agarose gel [with] QIAEX gel 
extraction kit and dissolved in 20 /x 1 of sterile distilled water. This DNA 
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solution was designatedfasjDNA solution 13. Two microliters of DNA solution 

13, 3 u \ of DNA solution 12 and 5 ^1 of ligation buffer I {ofjDNA ligation 

thi: strain 
kit ver. 2 were mixed and* ligation was carried out. Competent E. coli DH5a 

cells were transformed with 5 \i 1 of the ligation mixture. 

Ampici 11 in-resistant transformants were screened for a clone containing 

plasmidfpNA^ DNA structure was analyzed by restriction enzyme mapping and 

by DNA sequencing. The plasraid thus obtained was named pSK-0CIF-DCR2. 

The DNA fragment (which isjcontained in solution H (20 ^ 1) was digested with 

restriction enzymes Nde I and Xho I. A DNA fragment .-with an approximate size ' 

of 500 bp was extracted from a preparative agarose gel (witlTJ QIAEX gel 

extraction kit and dissolved in 20^1 of sterile distilled water. This DNA 

solution was designated|ajs| DNA solution 14. Two microliters of DNA solution 

14, 3 \i 1 of DNA solution 12 and 5 /z 1 of ligation buffer Ifof/DNA ligation 

Strain 

kit ver. 2 were mixed and ligation reaction was carried out. Competent E. coli * 
DH5 a cells were transformed with 5 it 1 of the ligation mixture. 
Ampicillin-resistant transformants were screened for a clone containing a 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 
DNA sequencing. The plasmid thus obtained was named pSK-0CIF-DCR3. 
The DNA fragment [which isjcontained in solution I (20 /z 1) was digested with 
restriction enzymes Xho I and Sph I. A DNA fragment with an approximate size 
of 900 bp was extracted from a preparative agarose gel |with|QIAEX gel 
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extraction kit and dissolved in 10,1 of sterile distilled «.ter. This DNA 
solution .as solution 15. Two microgram of pSK* -OCIF ^ 

digested with restriction enzv M s Xho i and Sph I. A DNA fragment with an 
approximate size Q f 3.6 kb was extracted from a preparative agarose gelfeithj -J- 
QIAEX gel extraction kit and dissolved in 20„1 of sterile distilled 
water. This DNA solution was designated {asjDNA solution 16. Two microliters 
of DNA solution 15. 3,lof DNA solution 16 5 * 1 of ligation buffer I 
dTrSnigation kit ver. 2. were mixed an/tStion reaction was carried 
out. Competent E. coli'DHS « cells were transformed with 5 » 1 of the , 
ligation mixture. Ampicillin-resistant transformants were screened for a clone 
containingCajplasmid DNA. DNA structure was analyzed by restriction enzyme 
mapping and by DNA sequencing. The plasmid thus obtained was named 
pSK-0CIF-DCR4. 

The DNA fra 6 a,ent(«hich is3co„taioed in solution J (20 „ 1) was digested »ith 

restriction enzymes BstP I and Nde I. A DNA fragment with an appr^imate sUe 

ot 400 bp was extracted from a preparative agarose gelfwithj QIAEX gel 

extraction kit and dissolved in 20 ,1 of sterile distilled water. This DNA 

solution was designated £s>NA solution 17. Two microliter^oMlNA solution 

,7 3 u 1 of DNA solution 8 and 6, 1 of ligation buffer I^DNA ligation kit . 
u * ° M -the . s+nxin 

ver. 2 were mixed and* ligation reaction was carried out. Competent E. colw 

Dll5 a cells were- transformed with 6„1 of the ligation mixture. 

Ampicillin-resistant transformants were screened for a clone containing^ 

plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 

DNA sequencing. The plasmid thus obtained was named pSK-OCIF-DDDl. 
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The DNA fragment(which isjcontained in solution K (20 n 1) was digested with 
restriction enzymes Nde I and BstP I. A DNA fragment with an approximate size 
of 400 bp was extracted from a preparative agarose gel [withj QIAEX gel 
extraction kit and dissolved in 20 p. 1 of sterile distilled water. This DNA 
solution was designatedTaslDNA solution 18. Two microliters of DNA solution 
18, 3 ii 1 of DNA solution 8 and 5/zl of ligation buffer l(of(DNA ligation kit 

ver. 2 were mixed and ligation reaction was carried out. Competent E. coli*- 

DH5 a cells were transformed with 5 (il of the ligation mixture. 
Ampicillin-resistant transformants were screened .'for a clone containing (a J 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 
DNA sequencing. The plasmid thus obtained was named pSK-QCIF-DDD2. 

2) Construction of vectors for expressing the OCIF mutants 
pSK-OCIF-DCRl, pSK-0CIF-DCR2, pSK-0CIF-DCR3, pSK-0CIF-DCR4, pSK-OCIF-DDDl and 
pSK-0CIF-DDD2 were digested with restriction enzymes Bam HI and Xho I. The 
Bam 111-Xho I DNA fragment containing entire coding sequence for each OCIF 
mutant was isolated and dissolved in 20 »l of sterile distilled water. These 
DNA solutions that contain the Bam HI-Xho I fragment derived from 
pSK-OCIF-DCRl, pSK-0CIF-DCR2, pSK-0CIF-DCR3, P SK-0CIF-DCR4, pSK-OCIF-DDDl and 
pSK-0CIF-DDD2 were designated DCR1 DNA solution, DCR2 DNA solution, DCR3 DNA 
solution, DCR4 DNA solution, DDD1 DNA solution and DDD2 DNA solution, 
respectively. One microliter of pCEP 4 DNA solution and 6^1 of either DCR1 
DNA solution, DCR2 DNA solution, DCR3 DNA solution, DCR4 DNA solution, DDD1 
DNA solution or DDD2 DNA solution were independently mixed with 7/zl of 
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A A ^ 

ligation buffer I fofl DNA ligation kit ver. 2 and ligation reactions were 
u ^ Strain 

carried out. Competent E. coli*DH5a cells (100 \i 1) were transformed with 
7 n 1 of each ligation mixture. Ampici 11 in-resistant transformants were 
screened for a clone containing (a jplasmid DNA in which the DNA fragment with 
deletions is inserted between the recognition sites of Bam HI and Xho I of 
pCEP 4 by analyzing the DNA structure. The plasmids containing the cDNA 
encoding 0CIF-DCR1, 0CIF-DCR2, 0CIF-DCR3, 0CIF-DCR4, 0CIF-DDD1 and 0CIF-DDD2 
were designated (asj P CEP4-0CIF-DCR1, pCEP4-0CIF-DCR2, pCEP4-0CIF-DCR3, 
pCEP4-0CIF-DCR4, pCEP4-0CIF-DDDl and pCEP4-0CIF-DDD2, respectively. 

iii) Preparation of OCIF with C-terrainal domain truncation 

(1) mutagenesis of OCIF cDNA 

A series of OCIF mutants with deletions^ofjfrom Cys at amino acid residue 

379 to Leu 380, from Ser 331 to Leu 380, from Asp 252 to Leu 380, from Asp 177 

to Leu 380, from Arg 123 to Leu 380 and from Cys 86 to Leu 380 was prepared. 

Positions of the amino acid residues are shown in ^SEQUENCE NOjJ 4. These 

mutants were designated as OCIF-CL, 0CIF-CC, 0CIF-CDD2, 0CIF-CDD1, 0CIF-CCR4 

and 0CIF-CCR3, respectively. 

Mutagenesis for 0CIF-CL was performed by the two-step PCR as described 
in EXAMPLE 22- (ii). The primer set for the reaction is shown in Table 12. The 
nucleotide sequences of the primers are shown in ^SEQUENCE N0j23, 40, 55, and 
56. The final PCR products were precipitated with ethanol, dried under vacuum 
and dissolved in 4Q/zl of sterile distilled water. This DNA solution was 
designatedjlisjsolution L. 
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The DNA fragment {which is] contained in solution L (20 (il) was digested 
with restriction enzymes BstP I and EcoR V. A DNA fragment with an approximate 
size of 100 bp was extracted from a preparative agarose gel(withjQIAEX gel 
extraction kit and dissolved in 20/* 1 of sterile distilled water. This DNA 
solution was designated(asj DNA solution 19. Two microliters of DNA solution 
19, 3 nl of DNA solution 10 (described in EXAMPLE 22-(ii)) and 5jzl of 
ligation buffer I fofTDNAligation kit ver. 2 were mixed and ligation reaction 
was carried out. Competent E. coli*DH5 a cells were transformed with 5^1 
of the ligation mixture. Ampicillin-resistant transformants were screened for 
a clone containing (a jplasmid DNA. DNA structure was analyzed by restriction 
enzyme mapping and by DNA sequencing. The plasmid thus obtained was named 
pSK-OCIF-CLMutagenesis of OCIF cDNA to prepare 0CIF-CC, 0CIF-CDD2, 0CIF-CDD1, 

0CIF-CCR4 and 0CIF-CCR3 was performed by a one-step PCR*. ■ 

PCR reactions for mutagenesis to prepare 0CIF-CC, 0CIF-CDD2, 0CIF-CDD1, 

0CIF-CCR4 and 0CIF-CCR3 A <****h^ 

10X Ex Taq Buffer (Takara Shuzo) 10 m 1 

2. 5 mM solution of dNTPs 8 \i 1 

the plasmid vector containing the entire OCIF cDNA 

described in EXAMPLE 11 (8ng/ml) 2 \i\ 

sterile distilled water 73. 5 /x 1 

20 n M solution of primer OCIF Xho F 5 n 1 

100 jiM solution of primer (for mutagenesis) 1 n 1 

Ex Taq (Takara Shuzo) 0.5 nl 



Table 12 
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mutants primer-1 primer-2 primer-3 primer-4 



OCIF-CL * IF 6 CL R IF 14 CL F 



Specific primers, were used for each mutagenesis and other components were 
unchanged. 

Primers used for the mutagenesis are shown in Table 13. Their nucleotide 
sequences are shown in [SEQUENCE N0J57 -61. The components of each PCR were 
mixed in a microcentrifuge tube and PCR was performed as follows. The 
microcentrifuge tubes were treated for 3 minutes at 97 °C and then incubated 
sequentially, for 30 seconds at 95 °C, 30 seconds at 50 °C and 3 minutes at 
70 °C. This three-step incubation procedure was repeated 25 times, and after 
that, the tubes were incubated for 5 minutes at 70 °C. An aliquot of the 
reaction mixture was removed from each tube and analyzed by ^anjagarose gel 
electrophoresis to confirm the size of each product. 

The size of the PCR products was confirmed on an agarose gel. / Excess primers 
in the PCRs were removed using*Amicon microcon (Amicon) after completion of 
the reaction. The DNA fragments were precipitated with ethanol, dried under 
vacuum and dissolved in 40 /z 1 of sterile distilled water. The DNA fragment 
in each DNA solution was digested with restriction enzymes Xho I and Bam HI. 
After the reactions, DNA was precipitated with ethanol, dried under vacuum and 
dissolved in 20jil of sterile distilled water. 

The solutions containing" DNA fragment with the CC deletion, the CDD2 
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delet ion, the CDD1 deletion, the CCR4 deletion and the CCR3 deletion were 
designated/as7cc DNA solution, CDD2 DNA solution, CDD1 DNA solution, CCR4 DNA 
solution andfcC R3JDNA" solution, respectively. 
Table 13 



mutants primers for the mutagenesis 



OCIF-CC 


CC R 




0CIF-CDD2 


CDD2 


R 


0CIF-CDD1 


CDD1 


R 


0CIF-CCR4 


CCR4 


R 


0CIF-CCR3 


CCR3 


R 



(2) Construction of vectors for expressing the OCIF mutants 

pSK-OCIF-CL was digested with restriction enzymes Bam HI and Xho I. The 

Bam Hl-Xho. I DMA fragment containing the entire coding sequence for OCIF-CL 
a iSoMed and 

was [Tsolatedandj dissolved in 20 \i 1 of sterile distilled water. This DNA 

solution was designated (as] CL DNA solution. One microliter of pCEP 4 DNA 

solution and 6 \x 1 of eitherjofjCL DNA solution, CC DNA solution, CDD2 DNA 



solution, CDD1 DNA solution, CCR4 DNA solution or CCR3 DNA solution were 
independently mixed with 7 ii 1 of ligation buffer l[of]DNA ligation kit ver. 
2 and ligation reactions were carried out. Competent E. coli A DH5a cells (100 
p, 1) were transformed with 7 ii 1 of each ligation mixture. Ampici 11 in-resistant 
transformants were screened for clones containing plasmids which have the 
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desirable mutations in* OCIF cDNA by analyzing the DNA structure. In each 
plasmid, A OCIF cDNA fragment having a deletioniwerej inserted between the 
recognition sites of Xho I and Bam HI of pCEP 4. The plasmids containing the 
cDNA encoding OCIF-CL, OCIF-CC, 0CIF-CDD1, 0CIF-CDD2, 0CIF-CCR4 and 0CIF-CCR3 
were designated pCEP4-0CIF-CL, pCEP4-0CIF-CC, pCEP4-0CIF-CDD2, 
pCEP4-0CIF-CDDl, pCEP4-0CIF-CCR4 and pCEP4-0CIF-CCR3, respectively. 

iv) Preparation of OCIF mutants with C-terminal (truncation!* 

(l) Introduction of C-terminal (truncation! to OCIF / , ■ 

A series of OCIF mutants with C-terminal (truncation^ was prepared. A OCIF 
mutant in which 10 residues fofTfrom Gin at 371 to Leu at 380 fir9 replaced with 
2 residues \of Leu-Vaflwas designated OCIF-CBst/ OCIF mutant in which 83 residues x 

\j>fj from Cys 298 to Leu 380 (are[ replaced with 3 residues [of Ser-Leu-Aspj was 
designated OCIF-CSph/ OCIF mutant in which 214 residuesfofjfrom Asn 167 to Leu 
380 (ar^fremoved was designated OCIF-CBsp.VOCIF muatantl in which 319 residues 

[of J from Asp 62 to Leu 380 jarej replaced with 2 residues {of Leu-Valj was 
designated OCIF-CPst. Positions of the amino acid residues are shown in 
(SEQUENCE NOj 4. 



Two micrograms each of pSK + -OCIF (wasl digested with (one of the! 
^restriction enzymesTJ Bst PI, Sph I, PstI (Takara Shuzo])£ andjBsp EI (New England 
BiolabsK and! followed by phenol extraction and ethanol precipitation. The 
precipitated DNA was dissolved in 10 /x 1 of sterile distilled water. (End^f 
the DNAs in 2 ix 1 of each solution were blunted using a DNA blunting kit in A 
final^yolumes^of 5 1. To the reaction mixtures, 1 p. g (1 n 1) of an Amber 
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codon-containing Xba I linker (5' -CTAGTCTAGACTAG-3' ) and 6 til of ligation 

buffer I [offDNA ligation kit ver. 2 were added. 

After the ligation reactions, 6 \i 1 each of the reaction mixtures was used 

to transform E. coli DH5a. Ampicillin-resistant transformants were screened 

for clones containing plasmids. DNA structure was analyzed by restriction 

enzyme mapping and by DNA sequencing. The plasmids thus obtained were named 

pSK-OCIF-CBst, pSK-OCIF-CSph, pSK-OCIF-CBsp and pSK-OCIF-CPst, respectively. 

(2) Construction of vectors [for] expressing the OCIF mutants 

pSK-OCIF-CBst, JpSK-OCIF- CSpj], pSK-OCIF-CBsf) and pSK-OCIF-CPst were ' 

digested with restriction enzymes Bam HI and Xho I. The I. 5 kbfoflDNA fragment 

containing A entire coding sequence for each OCIF mutant was isolated and 

dissolved in 20 /i 1 of sterile distilled water. These DNA solutions that „ ^^rr i 

(contain[the Bam Hl-Xhol fragment derived from pSK-OCIF-CBst, (pSK-OCIF- CSpft 

pSK-OCIF-CBspJandJpSK-OCIF-CPst were designated (as] CBst DNA solution, CSph DNA 

solution, CBsp DNA solution and CPst DNA solution, respectively. One 

microliter of pCEP 4 DNA solution (described in EXAMPLE 22-ii)) and 6 ^1 of 

either CBst DNA solution, CSph DNA solution, CBsp DNA solution or CPst DNA 

A WP}J L - 

solution were independently mixed with 7 \i 1 of ligation buffer I foflDNA 

fh5- U 
ligation kit ver. 2 and' 1 ligation reactions were carried out. Competent E. .: 

CO li DI15 a cells (100 /z 1) were transformed with 7 /xl of each ligation 

mixture. Ampicillin-resistant transformants were screened for clones containing 

plasmids in which* cDNA fragment {1 ^inserted between the recognition sites of 

Bam HI and Xho I of pCEP 4 by analyzing the DNA structure. The plasmids 

containing the cDNA encoding OCIF-CBst, OCIF-CSph, OCIF-CBsp(andJ OCIF-CPst 
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were designated (asj pCEP4-0CIF-CBst ) pCEP4-^)CIF- CSph, pCEP4-0CIF-CBsp and 
pCEP4-0CIF-CPst, respectively. 

v) (Preparetionl| of vectors for expressing the OCIF mutants ^ 

E. coli clones harboring the expression vectors for OCIF mutants (tatal of 21 
clones) were grown and the vectors were purified by* QIAGEN (<folumnj (QIAGEN) . 
All the expression vectors were precipitated with ethanol and dissolved in 
appropriate .volumes of sterile distilled water and used for further 
jjnanipupationsj shown below. 

vi) Transient expression of the cDNAs for 0CIF / mutants and biological 
activities of the mutants 

OCIF mutants were produced using the expression vectors prepared in EXAMPLE 
22-v). The method was essentially the same as described in EXAMPLE 13, Only 
the modified points are described below. ^A 24-well plate was used for the DNaJ 
[transfectionj 2X10 5 cells of 293/EBNA suspendedj^^^containing 10% fetal 
bovine serum were seeded into each well of{jth^ plate. One microgram of 
purified vector DNA and 4/xl of lipofectaraine were used for each 
transfection. Ulixture of anj expression vector and lipofectamine in OPTI-MEM 
(GIBCO BRL) in a final volume of 0.5 ml was added to the cells^n a well. After 
the cells were incubated at 37*C for 24 hr in {a C0 2 incubatojf, the medium was 
replaced with 0.5 ml of Ex-cell 301 medium (JSR). The cells were incubated 
at 37 °C forf48 more\ hours in [the C0 2 incubatoB. The conditioned medium was 
collected and used [for assay/ for in vitro biological activity. The nucleotide 
sequences of cDNAs for the OCIF mutants are shown in (SEQUENCE Nols3-103. The Al 
deduced amino acid sequences for the OCIF mutants are shown in [sequence NO j 
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62-82. The assay for in vitro biological activity was performed as described 

in EXAMPLE 13. (Antigen^ concentration of each conditioned medium was 

determined by ELISA as described in EXAMPLE 24. Table 14 shows (specif icj' 
A add* mutant 

activity of {the mutants relative to that of the unaltered OCIF. 
Table 14 



mutants 



activity 



the unaltered OIF 


+ + 


0CIF-C19S 


+ 


0CIF-C20S 


± 


0CIF-C21S 




0CIF-C22S 


+ 


0CIF-C23S 


+ + 


0CIF-DCR1 


± 


0CIF-DCR2 


± 


0CIF-DCR3 


± 


0CIF-DCR4 


± 


0CIF-DDD1 


+ 


0CIF-DDD2 


± 


OCIF-CL 


+ + 


OCIF-CC 


+ + 


0CIF-CDD2 


+ + 


0CIF-CDD1 


+ 


0CIF-CCR4 


± 


0CIF-CCR3 


± 


OCIF-CBst 


+ + 
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OCIF-CSph + + 

OCIF-CBsp ± 
OCIF-CPst ± 



« indicates relative acti.it, more than 60* of that of the unaltered OCIF^ 
♦ indicates relative activity between U» and 50* ± indicates relativej_ 
activity less than 10X. or production level too lo. to determine the accurate 
biological activity-_ 

vii)^estern[blot analysis 

Ten microliters of the final conditioned medium was used for western blot 
analysis. Ten microliters of (thejstmple were mixed with .0 „ 1 « <*g™J 
sample buffer (0.5 M Tris-HCl, 20* elycerol, 4% SDS, 

bl „e, PH 6.8), boiled for 3 mi, and subjected to C a> * SDS^lyaoryl amiuej 
g el electrophoresis under non-reducin E conditions. After the electrophoresis, 
the separated proteins were blotted to PVDF membrane (ProBlotf. Perkin Elmer, 
using a semi-dry electroblot^WIoy ) . The membrane was incubated at VC 
with horseradish ^r^sTl^rnti-OCIF antibodies for 2 hr. After the 
membrane was washed, protein hands which react with the labeled antibodies 
were detected using^L system (Amersham). Two protein bands with approximate 
molecular masses of 60kD and 120kD were^detected for the unaltered OCIF. On 
the other hand, almost exclusive!,; 60kD protein band was detected for. 
0CIF-C23S, OCIF-CL and OCIF Cd^pToUin bands with [^approximate masses of 
40kD-50kD and 30kD-40kD were the major ones for 0CIF-CDD2 and 0CIF-CDD1. 
respective!,. These results indicate that Cys at 379 is responsible for the 
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dimer formation, both the monomers and the dimers maintain the biological 

activity and a deletion of residues from Asp at 177 to Leu at 380 does not 

a residues art 

abolish the biological activity of OCIF (positions of the amino acid (resare] 
shown in |EQUENCE NOj 4). 
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EXAMPLE 23 
Isolation of human genomic OCIF gene 



i) Screening of a human genomic library 

An amplified human placenta genomic library in Lambda FIX II vector 



^purchased from ISTRATAGENEj was screened for the gene encoding human OCIF using 
the human OCIF cDNA as a probe. Essentially, screening was done according 
to the instruction manual supplied with the genomic library. The basic 



protocols described in Molecular Cloning: A Lab6ratorv Manual £also were| 
employed to manipulate phage, E. coli, and DNA . 

The library was titered, and lxlO 6 pfu of phage was mixed with XLl-Blue 

A 0n±O. 

MRA host E. coli cells and plated ^on[20 plates (9 cm x 13 cm) with 9 ml per 
plate of top agarose. The plates were incubated overnight at 37*0. Filter 
plaque lifts were prepared using Hybond-N nylon membranes (Amersham). The 
membranes were processed by denaturation in a solution containing 1.5 M NaCl 
and 0. 5 M NaOH for 1 minute at room temperature. The membranes were then 
neutralized by placing Successively for one minute each! in 1 M Tris-HCl 

— 7h7at f ^ C 

(pH7.5) and a solution containing 1.5 M NaCl and 0.5 M Tris-HCl (pH 7.5V. The " 

membranes were then transferred onto a filter paper ^eflwith 2xSSC. Phage 

A onjjL a using 

DNA was fixed^onfthe membranes with 1200 \i Joules of UV energy [injSTRATALINKER 

UV crosslinker 2400 (STRATAGENE) and the membranes were air dried. The 

membranes were immersed in Rapid Hybridization buffer (Amersham) and incubated 

for one hour at 65 *C before hybridization with 32 P-labeled cDNA probe in the 

same buffer overnight at 65*C. Screening probe was prepared by labeling the 
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OCIF cDNA with 32 P using the Megaprirae DNA labeling system (Amersham). 
Approximately, 5xl0 5 cpm probe was used for each ml of hybridization buffer. 
After the hybridization, the membranes were rinsed in 2xSSC for five minutes 
at room temperature. The membranes were then washed four times, 20 minutes 
each time, in 0. 5xSSC containing OA % SDS at 65 After the final wash, 
the membranes were dried and subjected to autoradiography at -80 with SUPER 
HR-H X-ray film (FUJI [PF0T<5] FILM Co., Ltd.) and an intensifying screen. Upon 
examination of the autoradiograms, six positive signals were detected. Agar 
plugs were picked from the regions corresponded t6 these signals, for phage 
purification. Each agar plug was soaked overnight in 0.5 ml of SM buffer 
containing 1% chloroform to extract phage. Each extract containing, phage was 
diluted 1000 fold with SM buffer and an aliquot of [f ml or 20 ml] was mixed 
with host E. coli described above. The mixture was plated (onjlagar plates with 
top agarose as described above. The plates were incubated overnight at 37 °C, 
and filter lifts were prepared, prehybridized, hybridized, washed and 
autoradiographed as described above. This process of phage purification was 
applied to all six positive signals initially detected on the autoradiograms 
and was repeated until all phage plaques on agar plates hybridize with the cDNA 
probe. After purification, agar plugs of each phage isolate were soaked in 
SM buffer containing 1% chloroform and stored at 4 °C. Six individual phage 
isolates were designated ^0IF3, A.0IF8, X0IF9, AOIFll, A0IF12 and A0IF17, 
respectively. 

ii) Analysis of the genomic clones by restriction enzyme digestion and 
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Southern blot hybridization 

DNA was prepared from each phage isolate by the plate lysate method as 
described in Molecular Cloning: A Laboratory Manual . DNA prepared from each 
phage was digested with restriction enzymes and the fragments derived from the 
digestion were separated on agarose gels. The fragments were then transferred 
to nylon membranes and subjected to Southern blot hybridization using OCIF 
cDNA as a probe. The. results of the analysis revealed that the six phage 
isolates are individual clones. Among these fragments derived from [the 



restriction enzyme digestion, those fragments which hybridized with the OCIF 
cDNA probe were subcloned into plasmid vectors and subjected to^thej nucleotide 
sequence analysis as described below. 

iii) Subcloning restriction fragments derived from genomic clones into plasmid 



A.0IF8 DNA was digested with restriction enzymes EcoRI and Notk-i and the 



A jfe *V 

5.8 kilobase jpairsj (kb), EcoRI/NotI fragment was extracted from the gel using 
QIAEX II Gel Extraction Kit (QIAGEN) according to the procedure recommended 
by the manufacturer. The 5.8 kb EcoRI/NotI fragment was ligated with 
pBluescript II SK+ vector (STRATAGENE)* which had been linearized with 
restriction enzymes EcoRI and NotI, using Ready-To-Go T4 DNA Ligase (Pharmacia) 
according to the procedure recommended by the manufacturer. Competent DH5 a 
E. coli cells (Amersham) were transformed with the recombinant plasmid and 
transformants were selected on L-plates containing 50 p. g/ml of ampicillin. 




vectors and [determination of the[ nucleotide sequence. 
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A clone harboring the recombinant plasmid containing the 5.8 kb EcoRI/NotI 
fragment was isolated and this plasmid was termed pBSG8-5.8. pBSG8-5. 8 was 
digested with Hindlll and'o.9 kb\of]DNA fragment derived from this digestion 



was isolated in the same manner as described above. This 0.9 kb fragment was 
then cloned[in\pBluescript II SK- at the Hindlll site as described above. This 
recombinant plasmid containing 0.9 kb Hindlll fragment was denoted pBS8H0.9. 
X0IF11 DNA was digested with EcoRI and 6 kb, 3.6 kb, 2.6 kb EcoRI 

fragments were isolated in the same manner as described above and cloned \itQ^ — 

pBluescript II SK+ vector at the EcoRI site as described above. These 
recombinant plasmids were termed pBSGll-6, pBSGll-3.6, and pBSGll-2.6, 
respectively. pBSGll-6 was digested with Hindlll and the digest was (applied] 
on a 0 7 % agarose gel. Three fragments, 2.2 kb, 1.1 kb, and 1.05 kb in 
length, were extracted from the gel and cloned independently £in] pBluescript 
II SK- vector at the Hindlll site in the same manner as described above. These 
recombinant plasmids were termed pBS6H2. 2, [pBS6 HI. f} and pBS6Hl. 05, 
respectively. 4 

A 

The nucleotide sequence of the cloned genomic DNA was determined using ABI 
Dyedeoxy Terminator Cycle Sequencing Ready Reaction Kit (PERKIM ELMER) and A 
373A DNA Sequencing system (Applied Biosystems). Plasmids pBSG8-5. 8, 
PBS8H0.9, pBSGll-6, pBSGll-3.6, pBSGU-2.6, pBS6H2. 2, pBS6Hl. 1 and pBS6HL 05 
were prepared according to the alkaline-SDS procedure as described in 
Molecular Cloning: A La boratory Manual and used as templates for (th^ DNA 
sequence analysis. (Nucleotide sequence of the human 0CIF gene fwasTpresented 
in [Sequence Nc^ 104 and|Sequence NoJ 105. The nucleotide sequence of the DNA, 
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be t.een axon 1 and axon . - not entire!, deter-ined. There L - ggghtf 
approximate!, 17 nuc.eotidegbet.en the seances given inge^encjNo. 



■3 



104 and (sequence^ No. 105 



EXAMPLE 24 

Quantitation of OCIF by EIA 
i) Preparation of anti-OCIF antibody 

Male JW rabbits (Kitaya m a LABES C0..LTD) weighing 2.5-3.0 kg were used 
Cf^i— i-ti« preparing antisera. £hre, .ale J. rabbits (Kitaya. 

, . . .. 9 r o a ke were used for immunization?] For 

lLABES Co., LTD) weighing 2.5 3.0 kg were _j 

i„„i,atio,^lsion .a, prepared b, mixing an e,ual volume of rOgM™ 
„g«) and complete Freund' s adjuvant (Oifco. Cat. 0638-60-7). ^he^bUs 
.ere ionized subcutaneous!, six ti.es at£he interval ofj one .eeic'.Uh 1 ml 
V elision per injection. £he rabbits .ere injected six ti.es at the intervalj 
C ( seven da,s subcutaneous!,.} «" 
final ionization and serum .as fepara^tibod, was purified from serum 

as f„,lo.s. Antiserum - diluted *«" ""^ ™" 



sulfate at a final concentration rfgo .T^^^erum «as aUowed to stand 
at 4 « for 1 hr.f F^t^SS-d b, conjugation at 8000 x « for 2 0 
min was dissolved in a small volu« of PBS and .as dialed against PBS. The 
iresuffi^tion .as loaded onto a Protein G-Seph.rose column (Phamacia). 
After .eshin 8 .itb PBS f absorbed ^^^M " 
g l y cine-HCL buffer (pH 3.0). ^^^^^ ^ 
ouffer (PH 8.7) (immediate!, and'^Ij dialled against PBS. Protein 
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concentration was determined by absorbance at 280nm (E 1 * 13.5). 

Horseradish [peroxidase labeled] antibody was prepared using ImmunoPure 
Maleimide Activated Horseradish Peroxidase Kit (Pierce, Cat. 31494). Briefly, 
one mg of IgG was incubated with 80 ug of N-succinimidyl-S-acetylthioacetate 
for 30 min. After. deacetylation with 5 mg of hydroxyUmjne^ HCl, '™*U£* A l * G 
wasfseMr^e^D^Tp^rarrylamide desalting column. (Protein poolj mixed with one 
mg of (roleim{deactivateJ| horseradish peroxidase ^wasj incubated at room 
temperature for 1 hr. 

ii) Quantitation of OCIF by sandwich EIA 

Microtiter plates (Nunc MaxiSorp Immunoplate) were coated with 
rabbit anti-OCIF IgG by incubating 0.2 ug in 100 ul of 50 mM sodium 
bicarbonate buffer pH 9. 6 at (4C} overnight. After blocking the plates by 
incubating for 1 hour at 37°C with 300 ul of 25% BlockAce/PBS (Snow Brand Milk 
Products ), 100ul(ofjsamples were incubated for 2 hours at room temperature. 
After washing the plates three times with PBST (PBS containing 0.05% Tween20), 
100 ul of 1:10000 diluted horseradishfperoxidase labeled] anti-OCIF IgG was 
added and incubated for 2 hours at room (teraperture(. The amount of OCIF was 
determined by incubation with 100 ul of a substrate solution (TMB, ScyTek 
Lab. , Cat. TM4999) and measurement of the absorbance at 450 nra using an 
ImmunoReader (Nunc NJ2000). Purified recombinant OCIF was used as a standard 
protein and a typical Jstandared7curve(was] shown in Fig. 13. 



EXAMPLE 25 
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Anti-OCIF monoclonal antibody 

i) Preparation of hybridoraa producing anti-OCIF monoclonal antibody. 

AM 

QCIF was purified to homogeneity from culture medium of human fibroblasts, 

IMR-90*by the purification method described in {Eamplej 11. Purified OCIF was 

dissolved in PBS at a concentration of 10 /xg/100 \i 1. BALB/c mice were 

immunized by Administrating] this solution intraperitoneally three times every 

two weeks. In the first and the second immunizations, the emulsion" composed 

of an equal volume of OCIF and Freund' s complete adjuvant (was administered 

Three days after the final [adrainistratior^ the / spleen was (taken out^ 

lymphocytes jwerej isolated and fused with mouse myeloma p3x63-Ag8. 653 cells 

according to [the conventinal method! using polyethyleneglycol. Then the fused 

cells were cultured in HAT medium to select[hybryom^, {Subsequently, to check! 
j * prince ._ gf * 

jwhether the selected hybridomas produce anti-OCIF antibody^ anti-OCIF antibody 

in (eachl culture medium of [hybridomas[ was determined by solid phase ELISAfwhich] L 

jjras prepared by coating each well jin|96-wellQmmunoplate^ (Nunc) with 100 /x 1 

of purified OCIF (lO^g/ml in 0. 1 M NaHC0 3 ) and(by blocking each welj with 50% 

BlockAce (Snow Brand Milk Products Co. Ltd.). The hybridoma clones secreting 

anti-OCIF antibody were established [by cloning 3-5 times by limit dilution? 

L / sttctnt'nj. 

and by fecreening using the above] solid phase ELISAl Among thus obtained"? 

clones parftucin<i h<qk\«tds anti-OCX? 
hybridoma clones, several hybridoma clones with high production of anti-OCIF^ 

antibody were selected. 



ii) Production of anti-OCIF monoclonal antibodies. 

Each hybridoma clone secreting anti-OCIF antibod^ which wasj obtained in 
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EXAMPLE 25-i^was transplanted intraperitoneally (to] mice given Pristane 

(Aldrich),at a cell density of I x 10 6 cells/mouse. The accumulated ascites 

v 3. a trass pin* firio n, -tW re by t bra inm<j 

was collected 10 - 14 days after\the transplantation and the ascites containing] 

anti-OCIF specific. monoclonal antibody of the present inventionjwas obtainej 
Purified antibodies were obtained by Affigel protein A Sepharose 

chromatography (BioRad) according to theCmaufacturerJ manual. (That is} the 
■fi A 

ascites'ifatdiluted with'equal volume of a binding buffer (BioRad) and applied 
to'protein A column. The column was washed with a- sufficient volume of [the] 
binding buffer and eluted with ,an elution buffer (BioRad). After 
neutralizing, ^obtained eluatg was ( dialyzed g in watered subsequently 
lyophilized. The purity of theCobtained antibodjj was analyzed by SDS/PAGE and 
a homogenous band with a molecular weight of about 150,000 was detected. 

iii) Selection of monoclonal \kntibody] having high affinity [to} 0CIF 

Each antibody obtained in EXAMPLE 25-ii) was dissolved in PBS and the 

fconcentratio^r'p^tel^in^e solution] was determined by the method of 
U ....^ Anu.t-f<i -rt) 

Lowry. Each antibody solution(witgthe same concentration^ prepared] and 
then serially diluted with PBS. Monoclonal antibodies, which can recognize 
0CIF even at highly {dilutiTlolutioj, were selected by solid phase EL ISA 
described in EXAMPLE 25-ii). Thus^three monoclonal antibodies A1G5, E3H8 and 
D2F4^can be} selected. 

iv) Determination of class and subclass of antibodies 
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The class and subclass of the antibodies of the present invention 
obtained in EXAMPLE 25-iii) were analyzed using an immunoglobulin class and 
subclass analysis kit (Amersham). The procedure was carried out according to 
the (protocol disclosed"™ ^directions. The results (werejshown in Table^l5. 
The antibodies of the present invention, E3H8, A1G5 and D2F4 belong to IgG,, 
IgG^ and IgG^, respectively. 

Table 15 A tf£ 

Analysis of class and subclass of the antibodies[in]the present invention. 



Antibody 


IgG, 


IgG^ IgG 2b IgG 3 


IgA 


IgM 


K 


A1G5 




+ - - 






+ 


E3H8 


+ 








+ 



D2F4 - - + 



v) ^eterminatio^ of OCIF by ELISA 

Three kinds of monoclonal antibodies, A1G5, E3H8 and D2F<f which were] 
obtained in EXAMPLE (25-ivjJ, were used as solid phase antibodies and 
enzyme-labeled antibodies, respectively. Sandwich ELISA was constructed by 
feach combination of solid phase antibody and labeled antibody. The labeled 
antibody was prepared using* Immuno Pure jMaleimide Activated^ Horseradish 
Peroxidase Kit (Pierce, Cat. No. 31494). Each monoclonal antibody was 
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dissolved in 0. 1 M NaHCO, at a concentration of 10 /x g/ml. and 100 u 1 of the 

solution was added to each well£inj96-well immunoplate(§3(Nunc, MaxiSorp Cat. 

No. 442404) followed by allowing*to stand at room temperature overnight. 

Subsequently, each well [in] the plates was blocked with 50% Blockace (Snow 

Brand Milk Products, Co., Ltd.) at room temperature for 50 minutes, and (then! 

I^was) washed three times with PBS containing 0. 1% Tween 20 (washing buffer). 

A series of concentrations of 0CIR was prepared by diluting 0CIF with 1st 

reaction buffer (0.2 M Tris~HCl[bufeA pH 7.4, containing 4034 Blockace and 

*°££- a fornix cp tote ^ 

0.1% Tween 20). Each wellQnJ 96-well jlmmunoplatejwas filled with 100/* 1 of 

the prepared 0CIF solution with each concentration, allowed to stand at 37 

for 3 hours, and subsequently washed three times withQhej washing buffer. j^For^J 

[dilution of POD-labeled antibody, 2nd reaction buffer (0. 1 M Tris-HCl bufferTV 

TpH 7.4, containing 25% Blockace and 0.1% Tween 20) was used.] * POD-labeled 4 

antibody was diluted 400-fold with 2nd reaction buffer, and 100 n 1 of the ^ te,n,nC 



^ . — — — — "crnjj" 
diluted solution was added to each wellfiS the immunoplates. Each£imunoplatej • TlJtcn < 

was allowed to stand at 37.*C£]for 2 hours, and subsequently washed three 

times withjthe^ washing buffer. After washing, 100 u 1 of a substrate solution 

(0.1 M citrate-phosphate buffer, pH 4.5, containing 0.4 mg/ml of 

o-phenylenediamine HC1 and 0.006% H^) was added to each well^inj the 

immunoplates and the immunoplates [were| incubated at 37°C for 15 min. The 

enzyme reaction was terminated by adding 50 ii 1 of 6 N tt^0 A to each well. The 

optical density of each well was determined at 492 nm using an immunoreader 

(ImmunoReader NJ 2000, Nunc)., r 

Using three[kinds of} monoclonal ^antibody injthe present invention, each 
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combination of solid phase and POD-labeled antibodies leads to [VJ accurate 
determination of OCII\ Each monoclonal antibody (in\ the present invention was 
confirmed. to recognize a different epitope of OCIF. A typical standard curve 
of OCIF using a combination of solid phase antibody, A1G5, and POD-labeled 
antibody, E3H8 (was\ shown in Fig. 14. 

vi) Determination of OCIF in human serum 

^Concentration^ of OCIF in five samples of normal human serum was 
determined using an EIA system described in EXAMPL^ 25-v). The immunoplates 
were coated with A1G5 as described in EXAMPLE 25-v), and 50 n 1 of 1st. reaction 
buffer was added to each well [in] the immunoplates. Subsequently, 50 ill of 
each human serum was added to each well QnJ the [lmmunoplatej^. The immnuoplates 
were incubated at 37°C for 3 hours andQhen[washed three times withj\hej washing 
buffer. After washing, each welljjin^the inu|Jnoplates was filled with 100/il 
of POD-E3H8 antibody diluted 400-fold with^nd. reaction buffer and incubated 
at 37°C for 2 hours. After washing the immunoplates three times wi 
washing buffer, 100 /il of the substrate solution described in EXAMPLE 25-v) 
was added to each well and incubated at 37*^0 for 15 rain. The enzyme react iory 
was terminated by adding 50 ii 1 of 6 N H 2 S0 4 to each well {in} the 
immunoplates. The optical density of each well was determined at 492 nm using 
an immunoreader (ImmunoReader NJ 2000, Nunc). 

1st. reaction buffer containing the known amount of OCIF was treated in the 
same way and a standard curve of OCIF as shown in fig. 2 was obtained. Using 
the standard curve of OCIF, the amount of OCIF in human serum (samp lej was 
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determined. The results were shown in Table 14. 



Table 14 



The amount of 


OCIF in normal human serum 


Serum Sample 


OCIF Concentration (ng/ral) 


1 


5. 0 


2 


2. 0 


3 


1. 0 


4 


3. 0 


5 


1. 5 



EXAMPLE 26 

Therapeutic effect on osteoporosis 

(1) Method t . M \* li^c 
Male^ Fischer rat^T 6 weeks-old^ were subjected to denervation of left 
forelimb. These rats were assigned to four groups (10 rats/group) and treated 
as follows ; group A, sham operated rats without administration ; group B, 
denervated rats with {Intravenous administration of vehiclel ; group C, 
denervated rats {administered OCIFi intravenously at a dose of 5 \i g/kg twice 
a day ; group D, denervated rats [administered OCIFj intravenously at a dose of 
50 /zg/kg twice a day. After denervation, OCIF was administered daily for 14 
days. After 2 weeks treatment, the animals were sacrificed and their 
forelimbs were dissected. Thereafter bones were tested for mechanical 
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strength. 

(2) Results ^ q^^ls 

^Decrease of^bone strength was observed in^the animals of control groupsj 
as compared to those animals of the normal groups while bone strength was 
increase in the^groups^of |animalj received 50 mg of OCIF per kg body weight. 



Industrial availability 

The present invention provides both a novel protein which inhibits A 
formation of osteoclasts and(af efficient procedure [to product the protein. 
The protein of the present invention has an activity to inhibit! formation of 



osteoclasts. The protein will be useful for the treatment of many diseases • 
A oc££^n£^eJJa^_ A jv prewar ^ tfnhbtc^ . 

^accompanying bone loss, such as osteoporosis, and as an antigenjjto be used^ for 



us<tu 

na as an anzigenito De usecv ror 
the immunological diagnosis of such diseases. 
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